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PHYSICO-CHEMICAL FACTORS INFLUENCING CREAM 
RISING 


I. VISCOSITY* 


L. 8. PALMER anp E. 0. ANDERSON 


Division of Agricultural Biochemistry, University of Minnesota, St. Paul, 
Minnesota 


The viscosity of milk has been considered (1) to be a factor 
influencing cream rising, but with the exception of the studies by 
van Dam and Sirks (2) and by Rahn (8) no data have been 
published attempting to correlate the viscosity with differences 
in the depth of the cream layer. 

In the study by van Dam various substances (e.g., gum traga- 
canth, gelatin, starch, gum arabic, agar, and saleb, a material 
obtained by boiling Irish moss in linseed oil) were added to milk 
in suitable amounts so that in most cases there was little or no 
change in specific gravity. Gum tragacanth and saleb gave in 
general the best results. These substances caused a 15 to 25 
per cent increase in the depth of the cream layer at 9°C. which 
was accompanied by an increase in viscosity of 25 per cent 
showing that with added substances there is some relation be- 
tween viscosity and cream rising. Van Dam and Sirks have 
expressed the opinion that it is the milk plasma, not the fat, 
which has the chief influence on cream rising. 

In Rahn’s study gelatin and other hydrophilic colloids when 
added to milk increased both the cream layer and the viscosity 
in fairly close ratio. For example, the addition of 0.45, 1.35, 
and 1.8 per cent gelatin increased the viscosity 14.7, 67.0, and 
110 per cent respectively with a corresponding increase of 33, 
55, and 83 per cent in the depth of the cream layer. Although 


* Received for publication November 20, 1925. 

Published with the approval of the Director as Paper No. 571, Journal Series, 
Minnesota Agricultural Experiment Station. The data presented form a part 
of the thesis of Mr. Anderson for the M.S. degree, University of Minnesota, 1922. 
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Rahn has concluded that variations in creamii are not due to 
variations in viscosity, his own data hardly w rrant this view. 

The viscosity of milk is due to the combined ect of the con- 
stituents in true and in colloidal solution together with the 
emulsified fat. If one compares the viscosity of whey, skim 
milk, and whole milk with that of water, it is seen that water 
contributes from 30 to 50 per cent of the viscosity. Of the 
increase due to the milk solids, about 30 to 40 per cent is caused 
by the constituents in the whey, 70 to 90 per cent by the con- 
stituents in the skim milk and the remainder by the fat. The 
important fact is that most of the specific viscosity of milk is due 
to the solids-not-fat. Kobler (4) in fact, from whose data the 
above estimations are largely made, concluded that the viscosity 
of milk is greatly influenced by the casein. 

There are a number of statements in the literature relative to 
the importance of the solids-not-fat in cream rising. Babcock 
(1) and Hunziker (5) have expressed such a view, the latter be- 
lieving that the reduced cream volume usually found on pasteur- 
ized milk is due to a coagulation of the albumin. 

A careful consideration of the whole subject of cream rising 
leads to the conclusion that the two outstanding factors involved 
in determining the volume of cream rising as a definite layer on 
a given lot of milk are, (a) the rapidity and completeness with 
which the fat globules rise, (b) the volume occupied by the risen 
fat globules. The fat globules rise in milk fundamentally be- 
cause of the difference between the specific gravity of the fat and 
the plasma. Although the size of the fat drops and the extent 
of their association (3) no doubt contribute a great deal to the 
rapidity and exhaustiveness of creaming in a given length of time, 
they can not be the -only factors involved. It is certain that 
there is as yet no basis for assuming that either the size of the 
fat globules or their clumping determines the volume occupied by 
the risen fat. In making these assertions conditions involving 
a uniform fat content are of course assumed. 

The present study was undertaken to determine the extent 
to which the viscosity of milk is related to the depth of the cream 
layer on both raw and pasteurized milk. The data secured also 
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throw light on “he relative importance of viscosity and size of 
fat globules in &éam rising as met under normal conditions. Of 
special interest®sre the results showing the distribution of fat 
between the cream and skiin milk layers. 


EXPERIMENTAL 
Methods of procedure 


The milk used was secured from the University herd. Uniform 
quality was approached as nearly as possible by using milk from 
the same cows in all experiments where mixed milk was used. 
In these cases the milk represented two-thirds Holstein milk 
and one-third Jersey-Guernsey. For the breed experiments, milk 
from the Jerseys and Guernseys represented one standard and 
milk from Holsteins the other. It was not feasible to control 
any possible effect of the stage of lactation. This effect could 
not have been significant, however, because a comparison of the 
viscosity of the milk and stage of lactation of 8 cows, 4 Holstein 
and 4 Guernsey, whose lactation period ranged from six days to 
seven hundred fifty-one days, showed no relation between the 
two factors. 

Except in the case of data for the milk from individual animals, 
all milk was standardized to a fat content of 3.5 per cent. 

Pasteurization was carried out by the holding method. When 
the volume of milk warranted it, a 150-gallon “Jensen Cream 
Ripener” was used; otherwise the milk was placed in shotgun 
cans and immersed in a large vat of hot water. Heating was 
continued for thirty minutes after the milk had attained the 
desired pasteurizing temperature. Cooling was brought about 
as quickly as possible by means of a vat of cold water. 

Cream layers were measured on samples of milk placed in 200 
cc. flat bottom, graduated cylinders. Usually the milk was at a 
temperature of 26°C. when placed in the cylinders. Four 
cylinders were used for each sample, two of which were cooled 
to 0°C. and the other two to 9° to 10°C. These temperatures 
were maintained for twenty-four hours, after which the depth of 
the cream was measured with dividers. One-half of the average 
reading was recorded as the percentage of cream. 
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In a uumber of cases an estimate was made of the distribution 
of fat between the cream and skim milk layer. For this purpose 
cylinders were employed having a hole about 3 mm. in diameter 
bored in the side a few millimeters from the base. These were 
kept stoppered until the end of the creaming period when the 
stopper was removed and the skim milk drawn off sowly to within 
4 inch of the cream layer. The percentage of fat in this layer was 
determined directly, using the Babcock test. The approximate 
percentage of fat in the cream layer was calculated by the formula, 


pa (100 — y)z 
We i 2 
Zz 
where C = percentage fat in cream layer 
x = percentage fat in the milk 
y = percentage cream 
z = percentage fat in skim layer 

Specific gravity was determined by the lactometer (United 
States Dairy Division type). Solids-not-fat were calculated from 
the tables of Shaw and Eckles (6). 

Hydrogen ion concentrations were determined potentiometri- 
cally using the Bailey electrode. 

Viscosities were measured by the MacMichael viscosimeter, 
using a disc bob and a “00” torsion wire. The cup was not 
rotated; instead, the disc was rotated somewhat as in the Doo- 
little (7) method, as follows. The dise was first turned to the 
left one revolution and then allowed to rotate back through the 
milk until a maximum deflection was reached. This reading, 
subtracted from the reading obtained in air alone was taken as the 
comparative viscosity of the milk. In order that the results 
could be calculated in terms of centipoise units the instrument was 
calibrated by means of sugar solutions and a reference curve 
constructed. Although the method employed for the viscosity 
work was arbitrary, the results could thus be expressed in units 
such that the data can be verified (or otherwise) by other workers 


* This formula does not give strictly accurate results because it ignores the 
specific gravity of the skim milk and cream, 
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using any instrument from which similar calculations can be 
made. 


Results 


a. Influence of breed. The influence of breed on the viscosity 
of milk was first determined on a composite twenty-four-hour 
sample from each of 37 cows, representing 2 Ayrshire, 5 Jersey, 
11 Guernsey, and 19 Holsteins. The average data for the breeds 
are shown in table 1. 

These data do not indicate any relation between the hydrogen 
ion concentration and viscosity of milk, but there is a relation 
shown between both the fat content and solids-not-fat and 
viscosity. Inasmuch as the viscosity range is accompanied by 


TABLE 1 
The composition, viscosity, and other property of milk from different breeds of cows 











per cent 
5.62 | 9. 1.034 | 6.47 
4.77 | 9. 1.0336 | 6.44 
4.62 1.0331 | 6.70 
pO Peo cee PT 1.0325 | 6.44 


























a wider range of fat than of solids-not-fat, the data suggest that 
the latter exerts the greater effect. In the case of market milk, 
however, where creaming variations are of special importance, 
the percentage of fat has practically no bearing on these variations 
because of the almost universal practice of standardization. The 
relation of viscosity to creaming variations must accordingly be 
sought in the effects exerted by the size of fat globules and by the 
solids-not-fat. 

The relation of fat-globule size, or more correctly the relative 
number of fat globules, to viscosity is illustrated best by the well- 
known effect of homogenization which increases the viscosity very 
greatly. While this is an extreme case not met in market milk, 
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it suggests that there may be sufficient breed difference with 
respect to the relative size of the fat globules to be a factor in 
creaming. 

b. Relative effect of size of fat globules and content of solids-not- 
fat on viscosity and creaming. The opinion is held (8) that the 
milk from the Jersey and Guernsey breeds creams more easily 
than that of the Holsteins and Ayrshires because the larger fat 
globules have a greater mass in proportion to their surface. This 
hypothesis was tested by two experiments as follows. In the 
first experiment Holstein skim milk was standardized to 3.5 

TABLE 2 


Relative influence of solids-not-fat and size of fat globules on viscosity and 
creaming 





a AT | PROPERTIES AT 
orc, . 


9° ro 10°C 





SOURCE OF 


SOURCE OF PLASMA FAT GLGBULES 


Viscos- 
ity after 


four 


Viscos- 
ity after 


four 
hours 


cp. 


Volume 
of 











per cent per cent 


3 





Holstein 
Holstein 
Jersey-Guernsey 
Jersey-Guernsey 


Holstein 
Holstein 
Jersey-Guernsey 
Jersey-Guernsey 





Holstein 
Jersey-Guernsey 
Jersey-Guernsey 
Holstein 


Holstein 
Jersey-Guernsey 
Jersey-Guernsey 
Holstein 


8.59 
8.61 
9.35 
9.30 


8.79 
9.11 
9.61 





9.44 





AD 


SeRee Saxe 


PAA 


13.01 


16.51 


12.41 
11.81 





16.71 


11.30 


17.40} 


16.80 


2. 
3. 
3. 
3. 








2. 
3. 
3. 
3. 


7.51 
6.41 
14.51 
10.91 








per cent fat with freshly separated cream (55 per cent fat) from 
Jersey-Guernsey milk, and an analogous milk prepared from 
Jersey-Guernsey skim milk and Holstein cream. The properties 
of these milks were compared with those c: unaltered Holstein 
and Jersey-Guernsey milk except as was necessary to bring the 
fat content to 3.5 per cent. In the second experiment all the 
milks were prepared from skim milk and cream. The results 
are given in table 2. They show clearly that with a uniform fat 
content such variation in the size of the fat globules as results 
from breed differences is relatively unimportant in determining 
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either viscosity or creaming. On the other hand, the data show 
a direct relation between the concentration of solids-not-fat and 
viscosity ; the data also indicate a close relation between creaming 
and viscosity, but the relationship does not appear to be an 
absolute one. For example, in both experiments practically as 
good cream layers were obtained at 9° to 10°C. with the Jersey- 
Guernsey plasma as at 0° with Holstein plasma, although the 
viscosity in the former case averaged about 3.5 and in the latter 
about 5.4. A closer relationship between viscosity and creaming 


TABLE 3 


Viscosity, creaming, and fat distribulion between skim milk and cream of raw 
and pasteurized milk of uniform composition 





PROPERTIES AT 0°C. PROPERTIES aT 12°C. 





+l Viscosity is ey 
a concen- 
four 


Cream 
tration 
fat in 





C. . per cent 
Raw : 14.8 
60 ‘ 13.6 


Raw . 16.4 
62 : 14.9 


“oie: Pr. os 
8S 88 a@si 


Raw : 15.4 
65 4. 13.5 


— 


Raw . 15.9 
67 : 11.1 


pe ge 
Bk 
































is seen when comparing the cream volume and viscosity at 0°C. 
with the same data at 9° to 10°C. The percentage decline at 
the higher temperatures is not identical for both viscosity and 
cream volume, but is as uniform for each factor as could be 
expected. Calculation shows an average decrease in viscosity 
of 43.8 per cent accompanied by an average decrease of 32.5 
per cent in cream volume. 

c. Viscosity change as a factor in the influence of pasteurization 
on creaming. The results obtained with raw milk suggested 
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that the detrimental effect of pasteurization on creaming might 
be explained, at least in part, by changes in viscosity. 
Two groups of experiments were conducted, the first with mixed 
TABLE 4 
Viscosity, creaming, and fat distribution between skim milk and cream, of raw and 


pasteurized milk of uniform fat content and varying content of 
solids-not-fat and varying size of fat globules 





PROPERTIES AT 0°C. PROPERTIES AT 12°C, 





imate concen- 
fat in cream 


Approx 
tration 


ZATION 

four hours 

skim 

pproximate concen- 
tration fat in crearn 
four hours 


TEMPERATURE OF PASTEURI- 
skim 


EXPERIMENT NUMBBR 
SOLIDS-NOT-FAT* 
Concentration fat in 


FAT GLOBULESt 





8 Viscosity after twenty- 
g Viscosity after twenty- 


83 | Cream volume 


Bla 
i 
3% 


Small 
Small 
Large 
Large 


— — 
Pm Sm 
ou 
ww we wo 
-_ 


of oe 3 Concentration fat in 
-_ 


SREE 
S888 S888 3 


oo Oo on ie 
t normr 
S$&3S3 s838 


ee? > 


Large 
Large 
Small 
Smail 


S222 S882 


orer © 
www 
Maan 
a- » © 
Nowe 


9.81: 
9.81 
9.34 
9.34 


Pos 
a 


Small 
Small 
Large 
Large 


ie 
oo 


Raw 
63 


moo © 
woe we 
bo x 89 Go 
ow ou 
bo to 89 f0 
~1 = 
aass 
288 oS 

Nw @ 


Raw 
65 
Raw 
66 


Small 
Small 
Large 
Large 


11.8 
16.7 
15.2 
16.7 


SS 88 
































2xaes Saas 


oo Hw 
_ 
_ 
K Orn 
acrtr 
oo bo 09 bo 
o 
SSEasz 
— _ 
8 5 & 
wore o 








* The lower solids-not-fat represents Holstein plasma, and the higher Jersey- 
Guernsey plasma. 

¢ Small fat globules represent Holstein cream and large fat globules Jersey- 
Guernsey cream. 


milk in vat lots and the second in smaller lots using milk in which 
the solids-not-fat and size of fat globules were varied as in part 
(b). The temperatures of pasteurization varied from 60° to 
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67°C. for the different lots of mixed milk and from 62° to 65.8°C. 
for the milk with varying content of solids-not-fat. In both 
experiments the fat content was adjusted to 3.5 per cent. The 
data for the first group of experiments are summarized in table 3, 
and for the second group of experiments in table 4. An average 
of all data collected on raw and pasteurized milk is given in 
table 5. In this average are included a number of other experi- 
ments not reported in this paper in which a study was made of 
the effect of various milk plant operations on cream rising. 

When examining the properties of the milk at 0°C. as shown in 
tables 3, 4, and 5, it appears as though the decrease in cream 
volumes resulting from pasteurization is more or less related to a 
lowered viscosity. This apparent relation becomes much less 

TABLE 5 


Average relation found between viscosity, creaming, pasteurization and distribution 
of fat between skim milk and cream 





APPROXI- 
MATE 
CONCEN- 
TRATION FAT 
IN CRBAM 


VIscosITY 
AFTER CREAM 

TWENTY- VOLUME 

FOUR HOURS 





Cc. cp. per cent per cent 
0 Raw 5.10 15.6 18.3 
0 Pasteurized 4.47 9.1 ‘ 22.7 

9-12 Raw 3.01 10.6 20.8 

9-12 Pasteurized 2.71 7.1 25.2 























significant when examining the data for milks with varying con- 
tent of solids-not-fat and having a different initial viscosity. The 
relationship practically disappears for the milk creamed at the 
higher temperature where many cases occurred showing no effect 
of pasteurization on viscosity and great effect on creaming. It is 
true that the average of all the data collected (table 5) indicates 
a general relationship between viscosity and creaming as affected 
by pasteurization. Calculation shows, however, that while there 
is no correspondence between the percentage decline in viscosity 
and the percentage loss in cream volume, there is a rather close 
proportion between the two when comparing the results at the 
two creaming temperatures. The ratio between viscosity de- 
crease and cream volume loss was 1:29.5 at 0°C. and 1:31.5 at 
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0.3 - ad ye oO @ ak 1 BR OE RS 1 2: 8.7 
(Fat in Skim Milk Layer) 
Fia. 1. RELATION BETWEEN Viscosity oF Raw WHOLE MILK AND THE PeER- 
CENTAGE OF Fat IN THE Skim MiLk Layer arTreR CREAMING 
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9° to 12°C. However, these ratios are too wide to warrant the 
conclusion that viscosity is a major index of the detrimental 
effect of pasteurization on cream rising. 

d. Influence of pasteurization on fat distribution in skim milk 
and cream layers. Much more significant are the data on the 
distribution of fat between the cream and skim milk layers. Ina 
great majority of cases a loss in cream volume due to heating was 
accompanied by a higher percentage of fat in the skim milk, 
and in every instance by a higher percentage of fat in the cream. 
This shows clearly that losses in cream volume because of heating 
the milk are often due to less exhaustive creaming and particu- 
larly to a closer packing of the fat globules in the cream layer. 

A complete explanation of the cause of the less exhaustive 
creaming awaits further study. Figure 1 shows that there is 
some relation between this result and the viscosity in the case of 
raw milk. The points on the chart are taken in part from the 
data in tables 3 and 4 and in part from other experiments not 
reported. While the points do not fall on the curve as closely 
as may be desired, the general relationship is shown very defi- 
nitely. A similar correlation does not exist for pasteurized milk. 

The causes underlying the closer packing in the cream layer 
are also little understood. Our results are similar to those ob- 
tained by Weinlig (9). He believes that the increased concentra- 
tions of fat in the cream layer which he observed after pasteuriz- 
ing milk at temperatures above 63° to 64°C. are due to changes 
in the composition of the membrane material around the fat glo- 
bules, giving rise to a decreased tenacity. The problem, how- 
ever, requires further study. 


DISCUSSION 


The results of this study show clearly that the plasma colloids 
are a much more important factor in determining cream volumes 
than are the fat globules themselves when studying milk with a 
uniform fat content. Inasmuch as the specific viscosity of milk 
is due largely to the plasma colloids it is not surprising thatthe 
cream volume rising on raw milk is affected by such factors as 
influence the viscosity of the plasma. Certainly the difference 
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in viscosity of milk at 0°C. compared with 9° to 12°C. is sufficient 
to account for the variations in the cream layer at the two tem- 
peratures. However, the variations in the depth of the cream 
layer at the same creaming temperature are not accounted for 
wholly by differences in viscosity. 

The detrimental effect of pasteurization on cream volumes is 
only explained in part by viscosity changes. The decrease in 
viscosity of pasteurized milk is too small to account for the 
decrease in depth of the cream layer when compared with raw 
milk. If viscosity were a true index of cream rising the great 
increase in viscosity accompanying a lowering of the creaming 
temperature would be expected to overcome the slight decrease 
in viscosity due to the heat. On the contrary the results show 
that while the viscosity of pasteurized milk is still relatively 
high at 0°C., in comparison with the viscosity at 9° to 12°C. 
the cream volume at lower temperatures are not proportionate 
to the higher viscosity at that temperature. It is therefore 
obvious that pasteurization effects are not explainable on the 
basis of viscosity. 

The relation of the concentration of plasma solids to cream 
volumes on raw milk is shown very strikingly by the experiments 
on milk with a uniform fat content in which cream and plasma 
were interchanged to give different levels of solids-not-fat and a 
different relative size of the fat globules. When the solids-not-fat 
were higher a better cream layer resulted regardless of the relative 
size of the fat-globules. It is recognized that the data show some 
favorable influence due to larger fat globules, but it is not very 
great. It is clear, however, why the breed differences in cream 
layers on raw milk are so striking, especially when comparing 
Holstein with Jersey or Guernsey milk. In the former lower 
plasma solids are accompanied by both relatively small fat 
globules and lower fat content while in the latter higher plasma 
solids are associated with both larger globules and more fat. 
Pasteurization, however, tends to minimize these differences. 
For pasteurized milk just as poor cream layers are apparently 
obtained in milk with the higher plasma solids as with the lower. 

The distribution of fat between the skim milk and cream layers 
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of pasteurized milk is very suggestive for a further study of the 
fundamental factors causing losses in cream volumes. It was 
pointed out in the introductory paragraphs that one of the two 
important general factors determining the depth of cream layers 
is the volume occupied by the risen fat globules. This factor is 
seen in a very striking manner in our experiments showing that 
there is a distinctly closer packing of the fat globules in the cream 
which rises on pasteurized milk. It is of interest to note, also, 
that the cream which formed in many of our experiments was 
richer in fat than the standard 18 per cent product distributed by 
many dairies as cream. 


CONCLUSIONS 


1. The volume of cream rising on raw milk of uniform fat 
content is determined largely by the content of solids-not-fat 
in the plasma. 

2. The specific viscosity of raw milk is determined in large 
measure by the content of plasma solids and by the temperature 
at which the plasma is held. 

3. The viscosity of raw milk is a good index of its creaming 
ability and can be used as an explanation of changes in cream 
layers caused by the temperature of creaming or the concentration 
of plasma solids in the milk. 

4. Viscosity is only a minor factor in determining the cream 
layers on pasteurized milk; the fundamental factors having an 
adverse effect remain to be determined. 

5. The deterimental effect of pasteurization on cream volumes 
is accompanied by (a) less exhaustive creaming and (b) closer 
packing of the fat globules in the cream layer. Neither of these 
effects are explainable by viscosity changes. In raw milk, how- 
ever, there is a general relation between viscosity and exhaustive- 
ness of creaming. 
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THE MAINTENANCE REQUIREMENT OF CATTLE 
FOR PROTEIN, AS INDICATED BY THE FAST- 
ING KATABOLISM OF DRY COWS*: 


E. B. FORBES, J. AUGUST FRIES anp MAX KRISS 


Institute of Animal Nutrition, Pennsylvania State College, State College, 
Pennsylvania 


The study here reported is based on experiments with fasting, 
dry cows, and was designed primarily to add to the knowledge 
of the energy metabolism of cattle. The collection and analysis 
of the excreta during fast, however, yielded data of significance 
in relation to protein requirements, and these constitute the 
basis of the present paper. The results of the heat measurements 
and of the gaseous exchange will be treated elsewhere. 


OUTLINE OF THE INVESTIGATION 


The schedule of experimental treatment will be found in table 1. 
Four dry Jersey cows were used as subjects in this investiga- 


tion and are designated nos. 874, 885, 886 and 887. These 
are the same animals as were used in the experiments on ““The 
maintenance requirement of dry cows” which have been already 
reported (2). The fasting experiments with these animals were 
conducted during the same years as the maintenance experi- 
ments, the periods of fast following the periods in which the 
animals received maintenance rations in respect to energy. 
In experiment 221D, 1920, cows 885 and 886 were used, each 
being six years old. In experiment 221E, 1921, cow 885 was 
used. In experiment 221F, 1922, cow 874, six years old, and 


* Received for publication September 1, 1925. 

1 This series of experiments was planned by the late Dr. H. P. Armsby, and 
conducted under the immediate direction of Mr. J. A. Fries, by Messrs. W. W. 
Braman, D. C. Cochrane, Max Kriss, C. D. Jeffries, R. M. Meredith and W. J. 
Sweeney. 

The first of these experiments was conducted with the aid of financial co- 
operation from the Bureau of Animal Industry of the United States Department 
of Agriculture. 
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cow 887, five years old, were used. The length of the fasting 
periods was 3 days in experiment 221D, six days in experiment 
221E, and nine days in experiment 221F. The animals were 
kept on approximately maintenance rations of alfalfa hay and 
a grain mixture for at least three weeks preceding the fasting 
experiments. The grain mixture consisted of 30 parts by weight 
of wheat bran, 30 parts of ground oats, 30 parts of corn meal 
and 10 parts of old process linseed meal. 

During the fasting experiments, and the preceding main- 
tenance periods, the animals were kept in the Institute barn, 
except during the last two days of each experimental period, 
which were passed in the calorimeter. The animals were of- 
fered water at 8:00 a.m. in the barn, and at 7:00 a.m., in the 
calorimeter. 

Feces and urine were collected as a mixture, the daily col- 
lection being at 8:00 a.m., in the barn, and at 6:00 p.m., in the 
calorimeter. During the last few days of the fast, in experi- 
ments 221E and 221F, the feces were of such solid consistency 
that it was practicable, in some cases, to make an approximately 
complete separation of the urine from the feces by decanting, 
and straining the urine through cheesecloth. Such a separa- 
tion was made of the excreta collected during thirty-four hours 
preceding the last day of the fast in experiment 221E, and during 
the last four days of the fast in experiment 221F. In the tables 
the data relating to these separated excreta are designated 
by the letters U and F following the weights of the fresh urine 
and feces. 

The feces-and-urine mixtures and the separated excreta were 
subjected to the usual complete analysis, but only the dry 
matter, crude fiber and nitrogen will be here considered. Nitro- 
gen was determined in the fresh feces, and feces-and-urine 
mixtures, by K6nig’s method, and in the urine by the Kjeldahl 
method. 


THE EFFECT OF FASTING ON THE EXPERIMENTAL ANIMALS 


The animals showed no physical ill-effects of the fasting. 
Apparently they lost the natural craving for feed at about the 
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third day. Close observation showed no unusual actions other 
than the failure to ruminate, and the rather frequent moistening 
of the muzzle with the tongue. 

At the close of the fasting period, alfalfa hay was offered the 
animals. In each case after taking but a few mouthfuls the 


TABLE 2 
Daily record of live weight and of water drunk during fast 





























EXPERIMENT, EXPERIMENT, 
imiuat, | Pate | warome | pace || ANIMAL | = Date | werame | prow 
1920 kom. kom. 1982 kom. | kgm. 
221D 221F 
886-IV | March 22 11.0 874-III | February 1 12.8 
March 23 | 419.0* | 0.0 February 2| 417.2*| 0.0 
March 23 | 416.9f — February 3/| 409.6* | 0.0 
March 24 0.0 February 4/| 404.0* | 7.2 
March 25 | 402.3t | 0.0 February 5/| 404.8* | 0.0 
February 6/ 400.0* | 4.0 
885-IV | April 5 10.4 February 7] 401.0* | 0.0 
February 7/| 396.9 | — 
April 6 422.4* | 0.8 February 8 _ 8.3 
April 6 420.9t _ February 9| 398.7 | 1.2 
April 7 | 2.7 February 10| 391.7* | 0.0 
April 8 415.9t | 5.2 
1921 887-III | March 22 15.4 
221E March 23 319.0* | 0.0 
885-III | March 11 8.4 March 24 312.4* | 0.0 
March 12 | 429.8* | 5.2 March 25 307.4* | 4.6 
March 13 | 426.4* | 5.9 March 26 305.3* | 9.3 
March 14 | 428.4* | 0.0 March 27 308.0* | 3.0 
March 15 | 422.0* | 3.2 March 28 304.6* | 0.0 
March 15 | 424.2¢ March 28 303.97 | — 
March 16 2.0 March 29 —_ 0.4 
March 17 | 417.6t | 4.4 March 30 294.9t | 7.4 
March 31 290.1* | 0.0 











* Before drinking, at 8:00 a.m. 
t At 1:00 p.m. 
t At 6:00 p.m. 


animals lay down. After about an hour more hay was taken, 
and within twenty-four hours the animals were eating normally. 


DAILY RECORD OF LIVE WEIGHTS AND WATER DRUNK 


In table 2 the daily live weights of the animals, and the water 
drunk during the fast, have been collected for reference. The 
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animals could not be weighed while in the respiration calorim- 
eter, but were weighed before entering and upon leaving the 
chamber. Attention is directed to the wide variation in the 
daily amounts of water drunk during the fast. With one excep- 
tion (cow 885) the animals refused to drink on the first and 
second days of the fast. 


THE DAILY EXCRETION OF FECES AND URINE BY THE 
FASTING COWS 


Table 3 presents data relative to the daily excretion of feces 
and urine. These data exhibit great irregularity, and render 
obvious the difficulty of getting a true picture of the daily ex- 
cretion of fasting cows. For example, in experiment 221F, cow 
874 excreted neither urine nor feces during the twenty-four hours 
ending February 9, 6:00 p.m., while during the following four- 
teen hours (ending February 10, 8:00 a.m.) she excreted 7.9 kgm. 
of urine and feces, containing 81.2 grams of total nitrogen, of 
which 66.9 grams were contained in the urine. This amount of 
urinary nitrogen is greater than the amount of nitrogen excreted 
in both urine and feces during any one of the preceding six days, 
and, if computed per day, would be greater than that excreted 
in both urine and feces during the three preceding days com- 
bined. This demonstrates the futility of attempting to picture 
the daily decrease of nitrogen excretion from data secured by 
arbitrarily separating theexcretion into twenty-four-hour periods, 
and shows the necessity, in accurate work, of catheterizing the 
subjects at the beginning and at the close of an experimental 
period. 

Of especial interest is the persistance of crude fiber in the 
feces of cows 874 and 887 during the nine-day fasting periods. 
From this it is obvious that even during nine days of starvation 
the alimentary tract is not completely freed from feed residues, 
though the amounts of crude fiber eliminated during the latter 
part of the fasting periods are comparatively slight. 


THE PROTEIN KATABOLISM OF FASTING 


The nitrogen of the urine during short fasting periods must 
be considered to contain a small and rapidly diminishing quota 
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derived from feed residues remaining in the alimentary tract 
at the beginning of the fast. Because of the great irregularity 
of excretion of feces and urine, aside from other considerations, 
the data of table 3 do not show clearly the progress of the fast, 
and it is therefore difficult to determine how many days follow- 
ing the withholding of feed should be regarded as representing 
transition from feed to actual fasting, and whether or not the 
urinary nitrogen of the last four days of the nine-day fast may 
be regarded as representing exclusively katabolism of body pro- 
tein. In order to reduce the effect of irregularity of excretion, 
and to facilitate the interpretation of the data, we have com- 
puted from the data of table 3 several averages of the daily 
excretions, first, basing the average on all collections during the 
fasting periods, and then omitting successively the collection 
of the first day, first two days, etc. These averages are given 
in table 4. 

The data of table 4 should be studied in conjunction with the 
data of table 3 from which they were derived. In view of the 
fact that we have no available data for the urinary nitrogen of 
the three-day fasts and of the first few days of the longer fasting 
periods, it is impossible to state definitely when actual fasting, 
or the post-resorptive state, was reached. However, the great 
drop in excretion of total nitrogen between the first and third days 
in all experiments (table 3), and the practical uniformity of the 
average excretion of dry matter, crude fiber and total nitrogen, 
omitting successively the collection of the first two, three, four, 
five and six days of the nine-day fasting period (table 4), indi- 
cate very strongly that the excretion of the first two days after 
feeding cannot be regarded as representing fasting conditions, 
but that these conditions were reached soon thereafter, and 
that the urinary nitrogen of the last four days of the nine-day 
fasting periods may be safely regarded as not being affected to 
an important degree by the residual feed in the alimentary 
tract. 

It will be observed (table 4) that the average daily excretion 
of nitrogen in feces and urine for the last three days of the nine- 
day fast, is greater, with cow 874, than any of the other averages. 
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This is evidently due to the extraordinarily heavy excretion 
during the last fourteen hours of the fast (table 3), which is 
included in the average, and to the smallness of the number of 
days upon which the average is based. 

The average daily excretion of urinary nitrogen for the last 
four days, by cow 874, is 40.7 grams, and for the last three days 
is 44.9 grams. With cow 887 the average for the last four days 
is 28.7 grams, and the average for the last three days is 31.2 
grams. These differences between the averages for the last four 
and the three last days of the nine-day fasting periods are also 
obviously due to the irregularity of the daily excretions; and 
on this account the average based on the larger number of days 
is considered more nearly to represent the protein katabolism 
of fasting. 

In the periods of maintenance feeding which immediately 
preceded these fasting studies nitrogen equilibrium was ap- 
proximated (see table 1) in the presence of slight gains of energy, 
with the ingestion of 97.4 grams of nitrogen by cow 874, of 
which 73.1 grams were apparently digested, and 89.0 grams of 
nitrogen by cow 887, of which 68.5 grams were apparently di- 
gested. The comparison of these values for digested nitrogen 
with the nitrogen excreted per day in the urine (40.7 and 28.7 
grams) by these animals during fasting suggests that in the 
feeding periods they received a considerable surplus of protein 
above that required for maintenance, although this is not shown 
by the balances of nitrogen (+2.1 and —3.8 grams), from which 
we may infer that practically all the surplus protein was used 
by the animals for energy production, in which case, of course, 
it would be without effect on the nitrogen balance. 

The live weights of cows 874 and 887 in these fasting experi- 
ments differed by almost 100 kgm. The average of the last 
four weighings (see table 2) is 397.1 kgm. for cow 874, and 
298.4 kgm. for cow 887. On the basis of these averages and the 
figures for average daily excretion of urinary nitrogen, per head, 
during the last four days of the nine-day fasting periods, namely 
40.7 grams for cow 874, and 28.7 grams for cow 887, the urinary 
nitrogen excretion of fasting, computed per 1000 pounds live 
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weight, per day, is 46.5 grams for cow 874, and 43.6 grams for 
cow 887. These nitrogen values, considered as representing 
protein katabolism of fasting, that is, katabolism of body pro- 
tein, are equivalent (using the factor 6.0) to 279 grams, or 0.62 
pounds, of protein for cow 874, and 261.6 grams, or 0.58 pounds, 
for cow 887. The average for the two cows is 270.3 grams, or 
0.60 pound, of protein. 

It is of significance to note that the protein katabolism of fast- 
ing of these animals is exactly the same as Armsby’s (1) estimate 
of the maintenance requirement of digestible crude protein, 
namely, 0.6 pound per 1000 pounds live weight. 


SUMMARY 


Results are reported of the daily excretion of urine and feces, 
and their content of dry matter, crude fiber and nitrogen, from 
four dry, fasting cows, one fasting for a period of three days, 
one for periods of three and six days, and two others for a period 
of nine days. 

The results indicate that the bulk of the residual feed which is 
contained in the intestinal tract at the beginning of a fast is 
eliminated during the first two or three days after feeding, but 
that, in the absence of treatment directed toward the freeing of 
the alimentary tract from excreta, as in these experiments, the 
elimination of the same is incomplete even after nine days of 
fasting. 

The average daily nitrogen excreted in the urine during the 
last four days of the nine-day fasting periods, which is considered 
to represent, with fair accuracy, the protein katabolism of fast- 
ing, was 46.5 grams for one cow, and 43.6 grams for the other, 
per 1000 pounds live weight. These nitrogen values are equiva- 
lent to 0.62 pound, and 0.58 pound, of body protein, respectively, 
or 0.6 pound, as an average, per 1000 pounds live weight, which 
figure is identical with Armsby’s published estimate (1) of the 
digestible crude protein maintenance requirement of cattle, and 
is 0.1 pound less than as in Morrison’s standard (3) (0.7 pound), 
which may be considered as providing more liberally for repro- 
duction and other exigencies of practice. 
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It should be borne in mind, however, that the above values for 
protein katabolized during fasting may not represent the mini- 
mum protein requirement during feeding, in which case an 
abundant supply of non-nitrogenous nutriment may reduce the 
katabolism of protein to an amount less than that prevailing 
during fast. These figures for protein katabolism of fasting, 
therefore, when used as measures of the protein maintenance 
requirement during feeding, must be considered as providing 
a certain margin of safety. 
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SOME FACTORS AFFECTING THE GROWTH OF CER- 
TAIN STRAINS OF P. ROQUEFORTI 


I. BLUE MOLD* 


N. 8. GOLDING 
University of British Columbia, Vancouver, Canada 


INTRODUCTION 


Previous work on the manufacture and ripening of Wensleydale 
cheese (3) has shown that in certain cases good mold growth was 
developed in the cheese. In the same experiments other cheese 
using similar milk under identical conditions the blue mold 
failed to develop. As all cheese had been inoculated, it is in- 
conceivable that an absence of mold spores can be responsible 
for the lack of mold growth in the cases specified. But rather, 
that the causes of lack of mold growth might be looked for, in 
some inhibiting factor, or absence of suitable conditions for 
growth. 

The lack of oxygen in the cheese, as shown by Thom and Currie 
(10), can hardly be considered the only factor as the mold in the 
best cheese usually develops first in the center (8). 

In the previous work on the process of manufacture of Wensley- 
dale cheese (3) it is shown that a starter was added to the milk 
and that acidity was developed in the making process. It is 
shown that this acidity is due to the organisms added in the 
starter and to the organisms in the raw milk. 

The work of Hammer and others (4) (5) shows clearly that 
marked differences exist in starters as regards the associate or- 
ganisms they contain and the acids that are produced. That 
the type of acid formed by these organisms might play an im- 
portant part in providing a suitable medium for the growth of the 


* Received for publication June 10, 1925. 
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mold has suggested itself. Matheson (6) reporting on the manu- 
facture of Roquefort cheese recommends a liberal use of starter 
but gives no details as to the type of starter to be employed. 
Benson states “the ordinary commercial starter of Bacterium 
lactis is, however, not the right thing,” for Stilton or Wensleydale 
cheese (1). It is conceivable that the difference of opinion might 
well exist owing to different types of starter having been used. 

Arising from the foregoing considerations, the work reported 
in this paper has been pursued. 


OBJECT OF WORK 


The object has been to determine the influence on different 
strains of P. roqueforti of acetic and citric respectively using such 
percentage of the same as possibly might be found in sour milk 
(4) (5) (9). 


CULTURES USED 


The cultures of P. roqueforti used were: 


No. 1, P. roqueforti secured from Dairy Division, Washington (2). 

No. 16, Isolated from Wensleydale cheese (2). 

No. 32, Isolated from Wensleydale cheese inoculated with culture 16 
(3). 

No. 33, Isolated from Wensleydale cheese inoculated with culture 
16 (3). 


MEDIA 


Milk. Sweet skim milk in which no bacterial change had taken 
place was used in every case. Test tubes of uniform diameter 
were selected, filled with exactly 10 cc. of milk, plugged and 
sterilized. 

Milk + citric acid. A citric acid solution was made of such 
strength that it contained 0.0327 gram of citric acid (CsHsO; + 
H,0) per cubic centimeter. This was added to test tubes plugged 
and sterilized. The milk and acid solution were well cooled and 
two lots of acid milk of high and low concentration were prepared 
by adding 1 cc. and 0.5 cc. respectively to each 10 cc. tube of 
milk, under sterile conditions. The concentrations of citric 
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acid were, therefore, 0.272 and 0.1423 per cent (C,H,O;, H,O), 
respectively. 

Milk + acetic acid. An acetic acid solution was made up of 
such strength that it contained 0.01008 gram of acetic acid per 
cubic centimeter. Owing to the volatile nature of acetic acid, 
1 cc. of glacial acetic acid, assumed to be sterile, was added to 
100 cc. of sterile water. The milk and acid solutions were thor- 
oughly cooled and two lots of acid milk of high and low concen- 
trations were prepared by adding 1.5 and 0.5 cc. respectively, 
to each 10 cc. tube of milk under sterile conditions. The con- 
centrations of acetic acid in the milk were 0.131 and 0.048 per 
cent (CH;COOH), respectively. 

Standard medium. Standard medium originating in part from 
Czapeks formula (10) was made up as follows: 


EE dak an nicegnck- ne kbusbs dete ea bens-ies eos 5000 .0cnne 

on cc oswinins cw adeweeweeeececsvendcccece ERED 
Dipotassium phosphate........................eseeeeeeee++. 2 rams 
EE ae a 
Sn cxe 05.05/04 96 60'ks 06 90 06.40 0 a5 mh anes ook 
ARTES oiin oes bive 09-44 vo-s0 parwaee Gulevachiwe ody eey-ecens. ee 


Standard medium + citric acid. Two concentrations of stand- 
ard medium and citric acid were prepared of such strength that 
either 1 or 0.5 cc. of the solution of citric acid (0.0327 gram per 
cubic centimeter) were added to each 10 cc. of the standard 
medium; the media were then tubed and sterilized. By this 
method concentrations of citric acid were obtained of 0.272 and 
0.1423 per cent (C,H,O0;, H,O), respectively. 

Standard medium + acetic acid. The acetic acid solution was 
prepared as in the case of the milk and acetic acid previously 
referred to. To each 10 cc. test tube of the sterile standard 
medium either 1.5 or 0.5 cc. of this solution (0.01008 gram 
CH;COOH per cubic centimeter) were added under sterile con- 
ditions. By this method concentrations of acetic acid were 
obtained of 0.131 and 0.048 per cent CH,COOH, respectively. 
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METHODS 


Inoculation. The test tubes of milk were inoculated from stock 
cultures grown on potato agar (11) using a platinum needle. 

The plate cultures were first poured and allowed to cool on a 
flat surface. The inoculation was done from the cultures using 
a platinum needle, and every endeavor was made to develop 
but one colony and that in the middle of the plate. 

Incubation. All cultures were grown in a room temperature 
incubator which averaged 21°C. and maintained a temperature 
between 22.5° and 20°C. 

Measurement of growth in milk. The method used to deter- 
mine the degree of growth in the milk, and modification of milk, 
was to hold the cultures ten days after inoculation and then 
determine the percentage of casein not digested. Standard 
Methods of Analysis were used (7) and the Kjeldahl determina- 
tions were made by the Gunning method. 

Measurement of growth on solid media. The growth on the 
plates of solid media was recorded after the third day and then 
daily. This record included: 


Margin, average width in millimeter 
Size, average diameter of colony 

Color of spores, when spores were formed 
Color of reverse of colony 


In measuring the rate of growth, it was found that the average 
diameter of the colony in millimeters was the most satisfactory 
way of expressing the rate of growth of the mold. 


DIFFERENT STRAINS OF P. ROQUEFORTI GROWN IN MILK AND ACIDI- 
FIED MILK 


Four varieties of milk media, as previously described, were used 
in this experiment (see table 1). The high concentration of citric 
acid was not analyzed as considerable coagulation and precipita- 
tion of the casein took place when the acid was added. Quan- 
titative determinations were made of the degree to which the 
cultures of different strains of P. roqueforti digested the casein 
of these milks. 
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The conclusions to be drawn from table 1 are: 

1. The mold cultures of P. roqueforti 1 and 33 respectively 
(Roquefort origin) have a greater power to digest the casein than 
have cultures 16 and 32 (Wensleydale origin); which findings 
confirm previous work (2) (3). 

2. There is a tendency for low concentiations of citric and 
acetic acids to effect the digestion of casein in milk by P. 
roqueforti: 

TABLE 1 


Different strains of P. roqueforti grown in milk and acidified milk cultures grown 
at room temperature in test tubes for ten days 





MILK MILK MILK 
+ 0.5 cc. + 1.5 cc. + 0.5 oc. 
ACETIC ACID ACETIC ACID CITRIC ACID 
or 0.048 PER CENT | OR 0.131 PER CENT |OR 0.1423 PER CENT 
ACETIC ACID ACETIC ACID CITRIC ACID 





Per cent ba Per cent ;» |Per cent 


caseiD | digested* casein | digested casein 








Uninoculated 
control ‘ 3.04 3.08 





29.0 | 2.35 | 22.7 | 2.51 
32.9 | 2.28 | 25.0 | 2.18 





30.9 23.8 





10.0 | 2 
7.4 | 2.91 4.3 


-96 2.6 | 2.83 : ; 11.6 
2.82 


11.9 





























8.7 3.4 r 11.7 





* This figure represents the percentage of the total casein that has been ren- 
dered soluble. 


a. Acetic acid tends to reduce this digestion of casein par- 
ticularly in weak concentrations. 
b. Citric acid tends to increase this digestion of casein. 


DIFFERENT STRAINS OF P. ROQUEFORTI GROWN ON THE STANDARD 
MEDIUM AND ACIDIFIED STANDARD MEDIA 


In this experiment five modifications of media were used— 
the standard medium, a high and low concentration of the stand- 
ard media and citric acid (figs. 1 and 2). 
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All plates were inoculated in duplicate and the average di- 
ameter of the colony on the two plates was measured daily and 
expressed in millimeters. The rate of growth has been expressed 
graphically for each culture, figures 1 and 2. The conclusions to 
be drawn from figures 1 and 2, are: 

1. Citric and acetic acids when in small quantities in the 
standard media have a marked effect on the rate of growth of 
the mold. 

2. Cultures 16, 32, 33, grow much faster where acetic acid is 
supplied to the standard media and this growth increases with 
the higher concentration. 

3. Cultures 16, 32, 33, grow much slower where citric acid is 
supplied to the standard media and this growth decreases with 
the higher concentration. 

4. Culture 1 does not follow this rule. This strain increases 
in growth with the presence of either acid, but shows a slight 
preference for acetic acid. 

5. The width of the margin is in conformity with the rate of 
growth; the wider the margin the faster the growth. 

From the other data recorded, the following facts are of sig- 
nificance: 

1. In the case of cultures 16, 32, 33, the reverse of the colony 
is almost white, in plates containing high citric acid concentration; 
this effect is noticed to a less extent with the low concentration. 
In the case of culture 1, this effect was not observed. 

2. Cultures 16 and 32, produce fewer spores and a quite dis- 
tinctive hairy growth when grown on the media containing acetic 
acid. 


SUMMARY 


Citric acid and acetic acid in amounts comparable with those 
found in starters (4) (5) (9) have an effect on the growth of differ- 
ent strains of P. roqueforti, both as effecting the digestion of 
casein and growth on the standard media described. Low con- 
centrations of acetic acid tend to reduce the digestion of casein 
in milk by strains of P. roqueforti while citric acid tends to in- 
crease this digestion. 
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On the other hand in the standard media acetic acid increases 
the growth while citric acid tends to inhibit it. 

This work would indicate that the type of starter used in the 
manufacture of blue veined cheese might have a significant bear- 
ing on the subsequent growth of the mold in the cheese. At this 
stage it is advisable to point out that before definite conclusions 
can be drawn more work will have to be done, both culturally 
and as applied to the manufacture of blue veined cheese. 
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THE ROLE OF THE ANTISCORBUTIC VITAMIN IN 
THE NUTRITION OF CALVES* 


L. M. THURSTON, C. H. ECKLES ann L. 8. PALMER 
University of Minnesota, St. Paul, Minnesota 


It is definitely known that man, the guinea pig and the mon- 
key require a certain amount of the substance which is termed 
vitamin C or the antiscorbutic vitamin; and that unless the 
required amount of this vitamin is supplied by the food a hemor- 
rhagic disease known as scurvy develops. It is also known that 
the rat, when fed on rations which produce scurvy in man, or 
in the animals mentioned, fails to develop the disease. The 
experimental work of Parsons and co-workers (1) (2) (3) and of 
Lepkovsky and Nelson (4) gives considerable evidence that the 
rat is able to synthesize the antiscorbutic vitamin and store it in 
the liver. These investigators consider this an indication that 
this rodent requires vitamin C and that its body is able to pro- 
duce the vitamin for use even though there is little or none 
present in the feed. 

A review of the literature on the subject of vitamin C does not 
reveal any instance on record where an experimental study has 
been made of the requirement of the bovine for the antiscorbutic 
factor. The need for definite knowledge regarding the role of 
the antiscorbutic vitamin in the nutrition of dairy cattle has 
been felt for some time both by veterinarians and by men 
interested in solving various problems in the field of cattle 
nutrition. Two outbreaks of a scurvy-like disease of cattle have 
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been reported, one from England, the other Australia, apparently 
caused by faulty nutrition. A striking similarity is noticeable 
between the characteristics of the disease as reported for these 
cattle and the well known symptoms of scurvy as found in 
guinea pigs which have been fed rations deficient in the anti- 
scorbutic vitamin. 

Place (5) of Australia says, 


Look for a moment at a case of scurvy with its anemia and cachexia, 
its local hemorrhages and hemorrhagic inflammation, the spots upon the 
ribs, their dislocation from cartilages with perhaps neuritis and anes- 
thesia of the limbs, and compare it with a coasty heifer with her blood- 
less eyes and bottled jaw, her gaspy breath, due to her ribs failing to 
distend, her tottering walk and swollen fetlocks, and finally her feeble, 
helpless efforts to control her limbs and raise her wasted carcass. 


Place further states that ‘one of the symptoms of this form of 
disease in cattle (dental trouble) is a blue hyperemia of the 
gums and in some instances ulceration.” 

The occurrence of such a disease in England was noted by Little 
(6) who reports finding heifers, which had been fed on a ration 
that would undoubtedly produce scurvy in guinea pigs, showing 
many of the symptoms commonly noted in animals known to 
have scurvy. When first noticed some of these animals were 
dead or dying. On investigation Little diagnosed the cases as 
scurvy and was actually able to prevent further deaths by feeding 
either green grass, kohl rabi or swedes. Whether these out- 
breaks were due to a deficiency or absence of the antiscorbutic 
vitamin, or whether they were due to some other nutritional 
cause has been the point for considerable debate. The authors 
believe that the results of the experiment herein reported will 
throw light upon this particular question. 


EXPERIMENTAL 


The first consideration in an experiment of this nature was to 
secure a ration which while deficient or lacking in vitamin C, 
would furnish adequate quantities of all the other nutritional 
factors necessary for life and growth. Since the requirement 
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of the bovine for many of these factors was at the time unknown 
it was necessary to base all considerations on the nutritional 
requirements of small laboratory animals. 

The work reported in this paper was divided into two experi- 
ments. The first experiment gave significant results, but it was 
clear that the procedure could be improved considerably, and 
for this reason certain changes were made in the experimental 
methods followed in the second experiment. 


Experiment 1 


Ration. Specially treated alfalfa hay was the roughage fed 
during the first five months of experimental feeding. Treat- 
ment of this alfalfa consisted of autoclaving it for thirty minutes 
at a pressure of 15 pounds. Oat straw was substituted for the 
treated alfalfa hay during the fifth month because the demands 
of the calves for increased amounts of roughage became so great 
that it was difficult to autoclave as much alfalfa as the calves 
required. 

Milk was fed to all the calves until they reached the age of 
six months. After considerable experimentation a definite 
method for treating the milk was adopted. The milk was 
heated to a temperature of 180°F. and held at that point for 
one hour. Throughout the time of holding oxygen from a 
storage drum was allowed to bubble through the milk at the rate 
of about 1 cubic foot per minute. 

A grain mixture was fed consisting of 3 parts corn, 3 parts 
oats and 1 part old process linseed oil meal. To this mixture 
was added 5 per cent butterfat as a source of vitamin A and 
the antirachitic factor. One per cent of salt was also added. 
When the roughage was changed from alfalfa to timothy hay 
183 grams of calcium carbonate were added to every 100 pounds 
of grain. 

Animals. Four grade calves of uniform weight and appear- 
ance were used in this experiment. Two of these calves, E-3 
and E-4, were used as experimental animals and received the 
ration deficient in the antiscorbutic factor. The other two, 
E-1 and E-2 were used as controls. The controls received the 
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same ration as the experimental calves with the exception that 
vitamin C was supplied. Lemon juice was first used as a source 
of this vitamin but the labor and expense involved soon caused 


Fie. 1. Weraut Curves or Guinea Pics Usep In A FeepinG Triat To DeTER- 
mine}THe Scorsutic Potency or Mick Wuicn Has Been Hetp ror ONE 
Hour at A TEMPERATURE OF 180° F. Wotte OxyGen BussBLep TurovGa It 
AT THE Rate or Asovur 1 Cusic Foor per MINUTE 


Horizontal squares represent four days, while vertical squares represent 50 
grams. 


the substitution of tomato juice and tomatoes were then used 
throughout the experiment. 

During the early part of the experiment all of the feeds used 
were tested for their content of the antiscorbutic factor by feeding 
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trials with guinea pigs. All of the feed-stuffs used were shown 
to be deficient in vitamin C as they caused a rapid decline in 
the weight of the guinea pigs and finally death: Autopsy in- 
variably showed very noticeable signs of scurvy. The data on 
one of the experiments, the results of which are typical of all 
the others, are presented in figure 1. 

Vffect of deficiency of vitamin C on growth and appearance of 
calves. Experimental feeding of the calves used in this trial 
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Days 


Fic. 2. Growtu Curves or Two oF THE CALVES USED IN EXPERIMENT 1 


E-3 received a vitamin C deficient ration while E-1 received the same ration 
supplemented by tomato juice as a source of vitamin C. 


was begun in November, 1922, when the calves were all ap- 
proximately one hundred days old. During the following winter 
careful and numerous observations were made with the expec- 
tation that early signs of scurvy might be detected by noting the 
appearance and action of the calves. About January 26 signs 
of stiffness were noticed in the control calf E-2 and in the ex- 
perimental calf E-3. Later in the winter all four of them showed 
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abnormal stiffness of the joints. This stiffness cannot be at- 
tributed to a deficiency of the antiscorbutic vitamin, however, 
for two reasons: First, the stiffness occurred in the control 
calves receiving the tomato juice as noticeably as it occurred 
in the experimental calves; and second, the stiffness disappeared 
when cod liver oil was substituted for butterfat in the ration, 
and never occurred during the second trial when the ration was 


Lee 
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Fic. 3. Growtu Curves or Two oF THE CaLves USED IN ExPERIMENT 1 
E-4 received a vitamin C deficient ration while E-2 received the same ration 
supplemented by tomato juice as a source of vitamin C. 


supplemented by cod liver oil and calcium carbonate. The 
growth of the experimental calves was fully equal to that of 
the controls. 

Figures 2 and 3 give a comparison of the growth curves of 
the experimental calves and the controls with the normal growth 
curve. Figures 4 and 5 show two of the calves as they appeared 
at the close of the experimental feeding. 

Autopsies were made on both of the experimental calves and 
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on one of the controls at the close of the experiment. These 
autopsies failed to show the lesions characteristic of scurvy. 
Following are the autopsy statements taken: 


E-2 (control). Gums normal; teeth solidly imbedded in jaw; 
ankles and hocks normal. An abnormal amount of sinovial fluid and 
grease was found between the skin and flesh and between bone joints. 
The lymph glands and intestines were normal, no hemorrhagic areas 
being found. Small, nearly indistinguishable hemorrhagic spots were 





Fia. 4. Catr E-1 at toe AGE or 458 Days Arrer 364 Days on ExpERIMENT 


This animal received a vitamin C deficient ration supplemented by tomato 
juice. As might be expected she grew normally in every respect. 


noticed at the costochondral junctions. The general condition of the 
carcass was pronounced normal both by the attending veterinarian 
and by the instructor in meats in the Agricultural College. 

E-3 (experimental). Gums normal; teeth solidly imbedded in jaw; 
knee joints larger than normal but not hemorrhagic; hock joints had 
hemorrhagic spots 2 inches in diameter on each side. An abnormal 
amount of sinovial fluid was found in the joints. Intestines and lymph 
glands were normal and showed no hemorrhagic areas. The costo- 
chondral junctions were hemorrhagic and two of them were slightly 
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swollen. The carcass was pronounced normal except for the hemor- 
rhagic areas noted above. 

E-4 (experimental). Gums normal; teeth solidly imbedded in jaw; 
ankles normal; slightly distinguishable hemorrhagic areas on hock 
joints. A large abscess was found on the liver. The lymph glands of 
the intestines were hemorrhagic and slight hemorrhagic areas were 
noted on the costochondral junctions but no swellings could be found. 





Fic. 5. Carr E-4 at tHe Acre or 445 Days arrer 365 Days or ExreRIMENTAT 
FEEDING 
This animal grew normally on a ration extremely low in its vitamin C content. 
Guinea pigs-on the same ration die of scurvy in less than thirty days. 


At the close of the experiment the control calf, E-1, was preg- 
nant and was changed to the vitamin C deficient ration which 
she received for the three following months until she dropped 
her calf. This was done in order to secure a calf for a second 
trial that would have its body reserve of the antiscorbutic factor 
as low as possible. E-1 was slaughtered soon after calving, 
and some rather surprising abnormalities were found when her 
carcass was examined. All her costochondral junctions were 
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so greatly enlarged that they were noticeable as soon as the 
chest cavity was opened. Suspecting that these enlargements 
were characteristic of rickets rather than of scurvy several of 
the enlarged junctions were examined histologically by Dr. 
Kernkamp and through his courtesy the report which follows 
is available. 


Histologically the section shows hyperplasia of osteoid tissue in 
certain areas. There is a proliferation of dense white fibers and also 
there are irregular masses of cartilage tissue with cartilagenous cells 
arranged in little groups or nests surrounded by a hyaline matrix. 
Marrow spaces were filled with white fibers, marrow cells and some 
blood vessels. However, the zone of calcification could be seen and 
was regular, but the band of proliferative cartilage was irregular. 


Dr. Kernkamp believed the bone showed signs of rickets but 
hesitated to definitely pronounce it as a distinct case of rickets. 


Experiment 2 


The majority of the evidence accumulated as a result of the 


first experiment indicated that calves either have no vitamin C 
requirement or that the amount needed is so low that it cannot 
be measured by feeding trials with guinea pigs. However, the 
presence of a few of the scurvy-like lesions in the bodies of the 
experimental animals at the end of the trial as previously noted 
left some possibility of doubt as to the truth of such a conclusion. 
Consequently a second trial was begun in which it was the aim 
of the investigators to create more severe conditions relative to 
the deficiency of vitamin C, as well as to protect more efficiently 
against rickets by alterations in the ration. 

In creating more severe conditions in this experiment calves 
less than two weeks old were placed immediately under condi- 
tions which would minimize the possible storage of the anti- 
scorbutic factor. One of the calves, E-39, was dropped by E-1, 
which as previously mentioned, had for three months previous 
received a ration very deficient in vitamin C. By this means 
it was expected that the possibility of a reserve of that factor 
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would be considerably lowered. Three other calves were ob- 
tained from a grade cow market near the college. 

The ration used in this trial varied in two particulars from that 
used in the previous one. A mixture of timothy and wild hay 
was used in this case in place of the oat straw. No butterfat 
was fed in this trial but a drench of cod liver oil was used as a 
source of vitamin A and the antirachitic factor. The grain mix- 
ture was the same as previously used. 
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Fic. 6. Growtu Curves OF THE CALVES USED IN EXPERIMENT 2 


E-39 received a vitamin C deficient ration while E-42 received the same ration 
supplemented by tomato juice. 


The timothy and wild hay was bought in a quantity sufficient 
to last throughout the entire year. A representative sample 
of this hay was taken and fed ad libitum to guinea pigs along 
with the grain ration. All of the guinea pigs died of scurvy with- 
in three weeks. The other portions of the ration had already 
been tested in the previous trial and were known to be deficient 
in the antiscorbutic vitamin. 
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As in the previous trial the experimental feeding was carried 
on over a period of one year. At no time during this trial was 
stiffness noted in any of the calves. A glance at the growth 
curves (figs. 6 and 7) shows that all calves made normal growth 
and again the growth of the calves on the deficient ration was 
slightly better than that of the controls. Figures 8 and 9 show 
two of the calves as they appeared at the end of the experimental 
feeding. 
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Fig. 7. GrowtxH CurvEs oF Two OF THE CALVES USED IN EXPERIMENT 2 


E-45 received a ration deficient in vitamin C while E-44 received the same 
ration supplemented by tomato juice as a source of vitamin C. 


E-39 (experimental) is now pregnant and will not be slaugh- 
tered for autopsy. E-42 (control) was not slaughtered for 
autopsy. E-44 (control) and E-45 (experimental) were slaugh- 
tered, however, and the following autopsy findings were reported: 


E-44 (control), Perfectly normal throughout except for excessive 
amount of oily fluid at joints. Ribs, teeth, gums, and internal organs 
were all normal. 
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AGE oF 367 Days arreR 365 Days oN EXPERIMENT 


Fig. 8. Catr E-44 at THE 

This animal received a ration deficient in vitamin C supplemented by tomato 
juice as a source of this vitamin. As might be expected this calf grew normally 
in every respect. 


Fig. 9. Catr E-45 at tue Ace or 366 Days arrer 350 Days on EXPERIMENT 
The animal grew normally on a ration extremely deficient in vitaminC, Guinea 
pigs on the same ration die of scurvy in less than thirty days. 
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E-45 (experimental). Perfectly normal except for oiliness at joints. 
The spleen was slightly hemorrhagic but all other organs, teeth, joints, 
and costochondral junctions were free from hemorrhagic areas and 
swelling. The calf did not have scurvy. 


These results indicate that the stiffness noticed in the calves in 
trial 1 and the hemorrhagic areas and swellings found on autopsy 
may be attributed to a deficiency of minerals or to a deficiency 
of the antirachitic factor rather than to a deficiency of the anti- 
scorbutic vitamin. 

A study of the vitamin C content of the livers of these calves 
is now under way with a view of offering an answer to the ques- 
tion, does the bovine synthesize vitamin C or does it have ab- 
solutely no requirement for this factor? These results will be 
reported at a later date. 


CONCLUSION 


Calves do not require vitamin C in quantities that can be 
measured by the present method of testing food materials for 
their antiscorbutic potency by feeding them to guinea pigs. 

Under practical conditions, even where very poor feeding 
practices are followed, there is little if any reason to believe the 
well-being of the calf will be affected by a shortage of vitamin C. 
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HUMIDITY EQUILIBRIA OF MILK POWDERS* 


G. C. SUPPLEE 
Research Laboratories of The Dry Milk Company, New York 


The absorption of atmospheric moisture by milk powders is 
a matter of no little consequence in its effect upon the keeping 
qualities of the product during storage. The preservation of 
its initial collodial structure and the prevention of the manifesta- 
tion of the characteristic stale taste and odor and darkening of 
the color is to a large extent dependent upon the degree of success 
which can be attained in preventing the absorption of moisture 
from the air. Supplee and Bellis (1) have shown that a progres- 
sive development in the insolubility of milk powder casein is 
brought about by a moisture content and time relationship. 
Fouassier (2) has also shown the same phenomenon to be the 
result of a moisture and temperature relationship. Holm and 
Greenbank (3) have submitted data indicating that moisture 
content is involved in the development of tallowyness in dry milk 
containing fat, as well as in the development of a characteristic 
stale condition. These investigators state that a low moisture 
content is particularly favorable for the development of the tal- 
lowy condition, whereas a high moisture content causes a char- 
acteristic stale taste and odor defect described as fishy. These 
observations have been confirmed by the author (4) although the 
stale non-tallowy condition has in no instance been recognized 
as fishy. 

The general agreement, even from limited data, as to the im- 
portance of moisture content of dry milk as a factor affecting its 
keeping properties during storage, warrants definite information 
showing the degree to which moisture may be absorbed under 
natural conditions. Such data have been obtained and are re- 
ported herein as representing substantially the humidity equilibria 
at various vapor pressures. The data are not presented as ab- 


* Received for publication December 23, 1924. 
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solute humidity equilibria values because it appeared that certain 
samples would not reach stability for several months and possibly 
not until after several years. Therefore, in view of the normal 
periods during which milk powder is held, practical considerations 
were taken into account. In no case were records kept for longer 
than six months and in numerous instances where equilibrium 
had apparently been reached the final record was obtained after 
a much shorter period. The final data for those samples which 
had not reached constant weight were recorded only after two 
successive weighings two weeks apart showed a fluctuation of 
0.05 per cent or less. 

The methods described by Wilson (5) and Wilson and Fuwa 
(6) were used, but since information regarding the time required 
to reach equilibrium was desired, the aspiration method described 
by these writers was used only as a check method for a few 
samples. Since close agreement with the longer holding method 
was obtained, the results are not duplicated herein. Varying 
percentages of sulphuric acid solutions were used to obtain a 
range of vapor pressures corresponding to relative humidities 
from 10 to 80 per cent at 25°C. Approximately two grams of 
milk powder were placed in small vials and held over the different 
acid mixtures in tightly sealed Mason jars. Powders prepared 
by six different methods of manufacture, as well as powders 
containing different amounts of fat, were used for the determina- 
tions. All samples, when placed at the various humidites con- 
tained less than 2.5 per cent moisture and were representative of 
fresh normal stock unless otherwise noted. Weighings were made 
at short intervals during the first four weeks and at two week 
intervals thereafter. After hydration at the different humidities 
had been completed, or practically so, all samples at humidities 
lower than 80 per cent were placed in an atmosphere correspond- 
ing to this vapor pressure and allowed to reach equilibrium which 
in no case required more than three weeks. The samples were 
then returned to the respective humidities at which they had 
been previously hydrated. The purpose of this procedure was to 
determine whether the curve of dehydration corresponded to the 
hydration curve. As will be shown hereinafter marked differ- 
ences were found. 
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- TABLE 1 
Humidity equilibria of skimmed milk powders* 
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* Column 1 gives the hydration figures and column 2 the dehydration figures. 
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Table 1 shows the moisture content of six different brands of 
skimmed milk powder, each representing a different method of 
manufacture. Sample 1 represents a product made by the Just 
double cylinder process in which the milk is not pre-condensed. 
Sample 2 represents the product from a single roller drum process 
in which low drying temperatures are used and in which the milk 


(Per cent moisture) 








Relative humidity 


Cuart l. Morsture-Houmipiry Equitiprium Curves For Six Sxummep MILK 
Powpers (TABLE 1) 


The broken curve is hydration and the smooth curve is dehydration. The 
dotted section indicates the area of greatest instability. 


is previously condensed. Sample 3 represents a spray process 
product in the manufacture of which unusually high initial tem- 
peratures are used. The milk is not pre-condensed. Sample 4 
represents a product from a European centrifugal spray method 
in which the milk is precondensed. Sample 5 represents the 
product from a spray method extensively used in this country 
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and for which the milk is previously condensed. Sample No. 6 
represents the product from a still different type of spray process 
employed in this country but for which the milk is not pre- 
condensed. The results given in table 1 are the averages obtained 
from triplicate samples. 

Chart 1 is constructed from the average results obtained from 
the different samples of skim milk powders recorded in table 1. 


0 





Relative humidity 


Cuart 2. Moisture-Huminity Hypration Equitisriuom Curves For Just 
Process Miitk Powpers WITH VARIABLE Fat Contents (TABLE 2) 


The dotted sections indicate the area of greatest instability 


Table 2 shows the average results obtained from duplicate samples 
of Just Process powder containing variable amounts of fat. 
Charts 2 and 3 are constructed from the data in table 2, chart 2 
showing hydration curves and chart 3 showing dehydration curves 
for the same powders. All results are reported on the basis of 
dry weight of the powder. 
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The results obtained show that the vapor pressure equilibria 
of milk powders involves certain features of peculiar interest. 
The characteristic type of the hydration curve and especially 
the break in this curve at approximately the same level for all 
powders of the same protein content, irrespective of the method 
of manufacture, but at different levels for powders with different 





Relative humidity 


Cuart 3. Morsture-Humipity DexypratTion Equitisriom Curves ror Just 
Process MitkK PowDERs WITH VARIABLE Fat Content (TaBLE 2) 


protein contents, appears to involve the application of a funda- 
mental principle governing moisture absorption by certain col- 
lodial materials. (Chart 1 shows only the compositve curve for 
all skimmed milk powders, but if each powder had been charted 
separately the same phenomena would be revealed in each in- 
stance.) Special significance lies in the interpretation of the 
practical aspects of the results in that the maximum moisture 
content at 50 per cent humidity was found by actual measurement 
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to have been reached within a few hours. The rate of decrease, 
however, after the maximum had been reached and until constant 
weight was obtained, was very slow as illustrated by the fact 
that in practically all instances decreasing weights were recorded 


TABLE 2 
Humidity equilibria of Just Process milk powders with variable fat content* 





1 PER CENT 5.5 PER CENT 12 PER CENT 27 PER CENT 53 PER CENT 
HUMID-| FAT IN POWDER FAT IN POWDER FATIN POWDER | FAT IN POWDER | FAT IN POWDER 
ITy 








i 2 1 2 1 2 1 2 1 2 
10 1.24) 3.77| 1.12] 3.13] 0.91} 2.75 | 0.77 | 2.33 | 0.42 | 1.31 
20 2.56 | 5.23 | 2.41] 4.61 | 2.00) 4.14] 1.69 | 3.59 | 1.01 | 2.22 
30 4.07 | 6.31] 3.75 | 5.70) 3.31] 5.18] 2.83 | 4.51 | 1.79 | 2.94 
40 6.09} 7.18} 5.67] 6.61] 4.98 | 6.02 | 4.32 | 5.25 | 3.04 | 3.42 
50 6.53 | 8.06/ 6.20] 7.58] 5.88] 6.87] 4.48 | 5.90 | 2.85 | 3.96 


60 8.71 | 9.20] 7.92) 8.69] 7.50) 7.90] 5.61 | 6.72 | 3.88 | 4.51 
70 | 11.10 | 10.73 | 10.28 | 10.20 | 9.47 | 9.29] 7.20 | 7.92 | 5.23 | 5.42 
80 | 14.49 | 14.49 | 14.00 | 14.00 | 12.68 | 12.68 | 10.01 {10.01 | 7.37 | 7.37 



































* Column 1 gives the hydration figures and column 2 the dehydration figures. 


TABLE 3 
Rate of absorption and release of moisture by skimmed milk powder in an atmosphere 
. with 50 per cent humidity 








TIME PER CENT MOISTURE TIME PER CENT MOISTURE 
1 hour 4.26 18 hours 8.76 
2 hours 5.19 30 hours 9.40 
3 hours 5.98 33 hours 9.45 
4 hours 6.71 38 hours 9.42 
5 hours 7.07 53 hours 9.21 
6 hours 7.36 65 hours 8.91 
8 hours 8.02 9 days 7.88 
10 hours 8.19 19 days 6.61 
12 hours 8.35 28 days 6.51 
14 hours 8.58 42 days 6.41 
16 hours 8.68 56 days 6.38 

















at this humidity for a period of two to three months. An illus- 
tration of the rate of moisture absorption and subsequent release 
at 50 per cent humidity for one of the skimmed milk powders is 
shown in table 3. It is to be noted that absorption was very 
rapid during the first few hours and that the maximum was at- 
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tained after thirty-three hours. Thereafter there was a gradual 
decrease extending over a period of eight weeks before constant 
weight was reached. Rapid absorption in excess of the final 
equilibrium capacity was also noted at humidities of 60 and 70 
per cent. The range, however, between the maximum and the 
point at which equilibrium was finally established, was not as 
great as at 50 per cent. The records from powder held at 40 per 
cent humidity or lower showed continuous absorption, or only 
slight dehydration depending upon the initial moisture content, 
to the point designated as equilibrium. 











TABLE 4 
Comparison of humidity equilibria of skimmed milk powder subjected to various 
treatments* 

SAMPLE ALLOWED TO ABSORB 
FRESH SAMPLE SAMPLE HEATED TO 100°C. in 10 PER CENT MOISTURB 
quaseese NO TREATMENT VACUO FOR ONE HOUR AND vey on 

1 2 1 2 1 2 

10 1.24 - 3.77 0.75 2.50 0.45 0.78 
20 2.56 5.23 1.57 3.70 0.92 1.49 
30 4.07 6.31 2.71 4.57 1.58 2.16 
40 6.09 7.18 4.18 5.20 2.41 2.89 
50 6.53 8.06 4.67 6.02 3.71 3.80 
60 8.71 9.20 6.70 7.51 4.28 4.59 
70 11.10 10.73 9.30 9.80 5.27 6.38 
80 14.49 14.49 13.79 13.79 10.99 10.99 























* Column 1 shows the hydration figures and column 2 the dehydration figures. 


In contrast with the hydration results it is to be noted that the 
dehydration curves represent typical absorption curves. While 
various possibilities might be suggested as causing these differ- 
ences, as well as in explanation of the characteristic hydration 
curves, it is believed that the most tenable explanation involves 
application of the general laws of capillarity as applied to col- 
lodial matter. In this connection it is to be noted, however, that 
nearly three weeks were required for saturation at 80 per cent 
humidity before the samples were again returned to the lower 
humidities for dehydration. Since it has been previously shown 
(1) that high moisture and time are factors which bring about 
marked changes in the properties of milk powder casein, it is 
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probable that these samples at the beginning of dehydration 
possessed properties of an entirely different character than before 
hydration. The phenomenon of hysteresis may therefore be 
involved. Although the question of insufficient time for estab- 
lishing complete equilibrium is not entirely excluded, this factor 
is considered to be irrelevant for all practical considerations. The 
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Cuart 4. Moisture-Humipity EquiLisrium CurRvEs For Just Proczss 
SxkimMEpD MILK PowpErR SuBJECTED TO Previous Heat TREATMENT 
AND MoisTuRE SATURATION (TABLE 4) 


The broken curves are hydration and the smooth curves are dehydration, The 
dotted sections indicate the areas of greatest instability. 


possiblity of hydration of anhydrous lactose has been considered, 
and while it is known that such a change does take place in milk 
powder of high moisture content after prolonged storage, the 
information obtained in connection with this work indicated that 
the anhydrous form was not completely converted to the stable 
monohydrate. 
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It is well known that the absorptive properties of collodial 
matter may be materially altered by the conditions to which it 
is subjected. It is therefore deemed desirable to include data 
showing the degree to which the absorptive properties of milk 
powder may be affected by certain treatments. A sample of 
skim milk powder made by the Just process, and for which the 
absorption data has already been recorded, was divided into two 
parts and treated as follows: One part was dried in vacuo at 
100°C. for one hour and then subdivided and held at various 
humidities as heretofore described. The second part was placed 
in a saturated atmosphere until it had absorbed 10.53 per cent 
moisture. It was then immediately placed over phosphorus 
pentoxide and dried at 50°C. When completely dried it was 
subdivided and placed at the different humidities already indi- 
cated. The hydration and dehydration results are shown in 
table 4 and chart 4. In comparing these records with those 
obtained from the normal skimmed milk powder of the same com- 
position it is to be noted that the same general type of curves 
were obtained. In both instances, however, lower equilibrium 
levels were found. Furthermore, the results obtained from the 
saturated sample subsequently dried at a low temperature were 
lower than those obtained from the sample heated to a high 
temperature but which had not previously contained a high 
moisture content. 

These results from the artificially treated milk powder are 
probably of little value for practical interpretation but neverthe- 
less they serve to illustrate the effect of heat treatment and pre- 
vious moisture absorption on the subsequent ability of such 
products to retain moisture at different vapor pressures. It 
would be of interest to study the effects of analogous relationships 
as they apply to milk powders subjected to different heat treat- 
ments during the process of manufacture. 

While it has been impossible to include data showing the ab- 
sorption of moisture at humidities above 80 per cent due to 
difficulties from mold formation, records were obtained for a 
limited period wherein the absorptive capacity of skimmed milk 
powder in a saturated atmosphere is shown in a striking manner. 
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The particular sample in question absorbed 6.25 per cent of its 
dry weight during the first half hour of exposure. At the end 
of four hours the moisture content was 15.49 per cent; after 
twenty-five hours it was 27.25 per cent; and after one hundred 
hours a moisture content of 51.11 per cent was recorded. 

It is not to be inferred that the data recorded in this paper can 
be applied directly to any particular lot of milk powder held at 
the given humidities. These results represent maximum ab- 
sorptive capacity. As a rule lower moisture contents of com- 
mercial samples will be found, because of the variable degrees of 
protection which the container affords and because of slow diffu- 
sion through the mass. It is not uncommon, however, to find a 
moisture content 4 to 5 per cent higher in the outside areas of a 
barrel of milk powder than is found at the center. 


SUMMARY 


1. Data are given showing the moisture content of various milk 
powders at equilibrium in vapor pressures corresponding to 
humidities from 10 to 80 per cent at 25°C. 

2. It is shown that the absorption of moisture by milk powder 
irrespective of the method of manufacture, apparently proceeds 
according to certain fundamental laws governing absorption by 
collodial matter. 

3. The data show that at humidities above 50 per cent the 
initial moisture absorption is very rapid, and at humidities 
between 50 and 70 per cent this initial absorption is not retained 
by the powder. When the maximum is reached a dehydration 
process begins and extends over a period of months before equi- 
librium is established at a lower level. 

4. The dehydration results obtained after milk powder had 
been subjected to a relatively high moisture content for a period 
of three weeks, show a different moisture retention at the various 
humidities than was shown during hydration. 

5. The absorptive properties of milk powder were found to be 
altered by excessive heating and previous saturation. 

6. Milk powders with variable fat content are shown to possess 
different capacities for moisture absorption and retention. The 
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absorptive ability decreases with increased fat content and cor- 
respondingly lower protein content. 
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SWEETENED CONDENSED MILK 


Ill. IN A TOTAL SOLIDS RESIDUE WHAT IS THE FORM OF 
LACTOSE?* 
FRANK E. RICE 
North Carolina State College, Raleigh, North Carolina’ 
AND 
JACK MISCALL 
Cornell University, Ithaca, New York 


Where reference is made to lactose in the literature there is 
much confusion as to which is meant—the hydrate or anhydrous 
form. This sugar under ordinary conditions crystallizes as 
CyH:01-H,O and this is the form in which it appears on the 
market and in the laboratory generally. In many cases, how- 
ever, calculations are based on a molecular weight corresponding 
to CH2On, though perhaps generally the molecule of water is 
taken into consideration. For instance, the figure 52.5 is given 
in most texts as the specific rotation of lactose; this is calculated 
on the basis of the hydrate. In quantitative data there is, of 
course, a difference of 5 per cent depending on which form is used. 

Lactose is sometimes determined in condensed milk by sub- 
tracting the sum of the other solids from the total dry matter; 
in this case it is important to know whether the hydrous or 
anhydrous form is present in the dry matter. But this work was 
carried out particularly because it was necessary that this point 
be cleared up before some of the calculations could be made that 
are involved in the next article of this series. 

It is known that lactose hydrate is very stable, the molecule 
of water being driven off only at about 130°C. On the other 
hand, data has been presented which shows that the evaporation 
of an aqueous solution of lactose above 93°C. yields the anhydrous 

* Received for publication July 20, 1925. 


1 Work here recorded was done when the senior author was on the staff at 
Cornell University. 


62 

















SWEETENED CONDENSED MILK 63 


form (1). In the determination of total solids in condensed 
milk, usually a water solution is evaporated on a water or steam 
bath, or hot plate. It would be expected, therefore, that the 
conditions would be right for the production of the anhydrous 
form. 

Two experiments were carried out: In one an aqueous solution 
of pure lactose was evaporated and the residue dried under con- 
ditions similar to those observed in the total solids determination. 
In the other, a known amount of lactose was added to a condensed 
milk solution and the determination carried out in the same way; 
this result compared with the solids residue obtained from the 
condensed milk alone gave data from which could be determined 
the condition of the lactose in the residue. 

The lactose used in these experiments was of highest purity 
containing 0.2 per cent hygroscopic moisture. It showed the 
theoretical specific rotation. 

The procedure of the A. O. A. C. for the determination of dry 
matter in sweetened condensed milk was followed in all cases, 
employing ignited sea sand for drying residues. 


EXPERIMENT 1 


Two lactose solutions were prepared containing (a) 5 grams and 
(b) 10 grams in 100 cc. Ten cubic centimeter portions of these 
solutions were carried through the total solids determination in 
quadruplicate. The following weights of residue were obtained: 


Solution 1. 0.4721, 0.4722, 0.4728, 0.4721 gram. 
Solution 2. 0.9449, 0.9452, 0.9459, 0.9469 gram. 


Since the lactose used contained 99.8 per cent C::H2On, there 
should have been in the first set of residues 0.4740 and in the 
second 0.9481 gram if the anhydrous form were present. These 
figures are very close to those obtained experimentally. The 
experimental results being somewhat lower than the theoretical 
is perhaps to be accounted for by a slight decomposition of the 
lactose while drying. 
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EXPERIMENT 2 


Solutions containing 20 grams fresh condensed milk in 100 ce. 
were prepared (M). Two solutions of lactose containing 5 
grams (A) and 10 grams (B) in 100 cc. were used as a convenient 
means of adding the lactose. The results obtained are given in 





























table 1. 
TABLE 1 
WEIGHT OF RESIDUE 
(1) (2) 
grams grams 
ee ee PR. oc’. op keen ocbkahesenes se 1.9336 1.9398 
ES 6 Ge ie oid, haan ake se ba een 1.4543 1.4633 
I i Eg ie Se ES cerns bent ae’ weal 0.4793 0.4765 
A ee WE Ms oe one hecic ob conesninnee 2.4136 2.4189 
le. aan on igs tail 1.4543 1.4633 
at ee eta Siglo A ETRE Ce ee oe 0.9593 0.9556 





Since the actual added lactose (C1:H220.) in the first series 
was 0.4740 gram and in the second 0.9481 gram, it is clear that in 
the process of evaporating and drying, nearly all the sugar ap- 
peared in the residue in the anhydrous form. Where the smaller 
addition was made (solution A) the anhydrous state was more 
nearly reached than with the larger addition. It may be con- 
cluded, therefore, that in condensed milk where the content of 
lactose is still less, this sugar appears in the total solids residue 
in the anhydrous form. 


REFERENCE 


(1) Hupson: Jour. Amer. Chem. Soc., 1908, xxx, 1767. 
Wairttier: Chem. Reviews, 1925, ii, 85. 














THE INFLUENCE OF THE PERIOD OF HEAT ON 
MILK PRODUCTION 


ANDREW C. McCANDLISH 


Dairy Husbandry Section, Iowa State College of Agriculture and Mechanic Aris, 
Ames, Iowa 


It is generally believed that oestrum, or the period of heat has 
a depressing influence on the production of dairy cows. However, 
there is little direct evidence by which the validity of this can 
be tested. 


RESUME OF PREVIOUS WORK 


It was reported by Hooper (1) that in 54 records obtained from 
cows kept for three years that the oestral period caused a con- 
siderable variation in production with some cows while with 
others it seemed to have but little effect. Later Hooper and 
Brown (2, 3) found from the records of 29 cows that there was an 
average decrease of 0.1 pound in fat and 1.5 pounds in milk pro- 
duction on the day of most evident heat. Some cows showed an 
increase in production however while others showed no variation. 


DATA PRESENTED 


The data summarized and presented in table 1 were collected 
during the years 1907 to 1921 inclusive from the herd at this 
station. Not all heat periods are included, as it was felt best 
to collect the records from the dates of breeding only. Con- 
sequently the day on which a cow was bred was looked on as the 
day of most evident heat and the average milk production on the 
days of most evident heat was obtained and compared with the 
average production on each of the three days preceding and 
following it. In all a summary of 868 cases is given. 

It will be noticed that on each of the three days preceding and 
following the days of breeding the average milk production is 
higher than on the day of breeding; the highest average produc- 
tion being two days before breeding while the others ran at an 
apparently normal rate with the exception that on the day follow- 
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ing the date of breeding the production was also somewhat lower 
than on the other days included. 


TABLE 1 


Influence of oestrum on production 












































g DAYS BEFORE AND AFTER BREEDING WITH 
z » - AVERAGE PRODUCTION 
GROUP x oe 
ge | 33 
58 Be 3 2 1 0 1 2 3 
pounds | pounds | pounds | pounds | pounds | pounds | pounds 
Holsteins........... 28} 215 | 30.9 | 31.2 | 30.8 | 30.1 | 29.8 | 30.6 | 30.7 
Jersey8............. 32; 198 | 18.0 | 18.2 | 18.2 | 17.7 | 17.8 | 18.2 | 18.1 
Guernseys.......... 28 | 155 | 20.3 | 20.6 | 20.3 | 19.9 | 20.3 | 20.5 | 20.6 
Ayrshires........... 14 72 | 25.2 | 25.6 | 25.2 | 24.8 | 24.6 | 25.0 | 25.2 
Scrubs Paeita 8 49 | 14.9 | 15.4 | 15.2 | 14.7 | 14.7 | 14.9 | 15.0 
First Grades ....... 16 80 | 17. 16.6 | 17.0 | 16.3 | 16.5 | 16.7 | 16.9 
Second Grades ..... 19 99 | 16.8 | 16.5 | 16.7 | 15.8 | 15.9 | 16.4 | 16.7 
Mic sé decane te 145 | 868 | 21.8 | 22.0 | 21.8 | 21.2 | 21.3 | 21.7 | 21.8 
TABLE 2 


Variations in the influence of oestrum on production in the case of Holstein cow 44 





DAYS BEFORE AND 


MILK PRODUCTION IN PERIODS 




















AFTER BREEDING I ll ll 
pounds pounds pounds 
3 38.5 35.6 38.7 
2 37.9 34.5 40.2 
1 39.0 38.1 42.1 
0 37.6 40.4 41.5 
1 43.5 42.1 40.1 
2 42.3 42.2 43.6 
3 44.3 39.5 43.6 
Average for 6 
days before and 
after breeding.. 40.9 38.7 41.5 
Percentage  in- 
come over day 
of breeding. .. . —8 4 0 








This increase in production on the second day before breeding 
as compared with that on the day of breeding is only 4 per cent 
for the total group considered. This is not a large variation but 
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when it is considered as being from a large number of animals, 
and that a similar increase occurs in each group of the animals 
then it is perhaps safe to deduce that there is some reason for the 
production being high two days before breeding and low on the 
day of breeding and that following it as compared with the pro- 
duction on other days near that time. 

One possible explanation is that as the period of heat starts 
some galactogogic hormone is produced in greater quantities, 
either as a purely incidental process, or in an effort to stimulate 
production at this time so as to compensate for the lowered 
production two days later. 

Though it appears that there are fairly uniform changes in 
production around the period of heat in the case of large groups 
of cows, yet individual cows vary considerably and an individual 
cow may show wide variations in her behavior from one heat 
period to another. 

This is well illustrated in the case of the Holstein cow 44 in 
the College Herd at three breeding dates. 

In this case it will be found that the cow 44 showed all the 
variations possible in production at different times of breeding. 
This indicates variations in production at the time of heat which 
can not be accounted for. 


SUMMARY 


From the data presented here it would appear that: 

1. There is a decrease in milk production on the day of breed- 
ing and the day following. 

2. An apparently compensating increase takes place two days 
before breeding. 

3. Individual cows show very wide differences in their produc- 
tion at this time. 

4. Wide variations in behavior may be expected between 
different heat periods with the same individual. 


REFERENCES 


(1) Hoorgr, J. J. 1914 Milk production as affected by oestrum. Bull. Ky. 
Agr. Expt. Sta., 234. 

(2) Hoorszr, J. J. 1918 Effect of period of heat on milk and fat production. 
Hoard’s Dairyman, lv, 879. 

(3) Hoorrr, J. J., anp Brown, P. E. 1919 Heat period and milk production. 
Breeder’s Gazette, lxxv, 1215. 




















FACTORS INFLUENCING THE VISCOSITY OF CREAM 
AND ICE CREAM* 


F. F. SHERWOOD anv H. L. SMALLFIELD 
Dairy Department, lowa State College, Ames, Iowa 


It is a well known fact that pasteurization, aging, homogeniza- 
tion and the amount of binder used all have an influence upon the 
viscosity of the product. Pasteurization brings about a decrease 
in the viscosity of the cream or ice cream mix to such an extent 
that if the product were to be made into ice cream at once diffi- 
culty would be experienced in obtaining the desired overrun and 
the texture would be poor. This difficulty may be overcome by 
aging the cream or mix for twenty-four hours or longer. 

Trade preparations, known as “improvers”’ are frequently used 
to hasten the ripening and bring about the desired viscosity in a 
few hours if necessary. The increase in viscosity brought about 
by the use of an “improver” is probably due, in some cases at 
least, to coagulation. However, when no “improver” is used the 
increase in viscosity is probably not due to coagulation, but is 
probably due to physico-chemical changes. If the whole mix is 
pasteurized and homogenized the increase in viscosity is due, 
in part at least, to the presence of the gelatine. However, 
the increase in viscosity brought about in pasteurized and 
homogenized cream is quite pronounced. Just what factors are 
responsible for this are not definitely known although several 
theories (1) have been advanced to explain this phenomenon. 

According to one theory it is due to the knitting together of the 
colloidal particles in the.cream thus restoring the viscosity. A 
second theory is that this increase in viscosity is due to the 
hydration of the proteins while held at the low ripening tempera- 
ture. A third theory is that it is due to enzymatic action, while 
a fourth theory is to the effect that the increase in viscosity is due 
to a greater clumping together of the fat globules during aging. 


* Received for publication September 10, 1925. 
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The viscosity of cream generally increases with age. The rate 
of increase in viscosity of an homogenized cream is much greater 
than that of a cream pasteurized but unhomogenized held under 
the same conditions. The increase of viscosity in cream imme- 
diately after homogenization over the same cream before homo- 
genization is due to the taking up or fixing of more of the milk 
serum. This is brought about by the breaking up of the fat 
globules resulting in an increase in the total surface area of the 
fat globules. 

The microscopical appearance of the fat globules differ exceed- 
ingly from that of a pasteurized sample. The latter when 
examined under the microscope shows the globules spread out 
evenly over the field and separated from each other, although 
in some cases globules will be seen touching each other. The fat 
globules in the homogenized cream present an entirely different 
appearance. The globules are about one-tenth the original size 
and are clumped together in clusters, varying in size from very 
small clumps of three or four globules to large clumps of several 
hundred. This clumping of the fat globules suggested the idea 
that aging of the cream causes the fat globules to come together 
in larger clumps. If this is the case it is probable that the 
increase of viscosity is due to the enclosure of serum in these 
clumps, Bancroft (1) states that “of particles agglomerate 
loosely into spherical masses, the viscosity will increase because 
the water in the voids inside the spherical agglomerates no longer 
counts as free water.” 

The work herein reported represents an attempt to determine 
whether or not the clumps of globules did increase in size during 
a period of storage ard if a high viscosity could be attributed to a 
greater grouping together of the fat globules. 


THE INFLUENCE OF PASTEURIZATION, HOMOGENIZATION AND AGING 
UPON THE VISCOSITY OF CREAM 
Methods 


The cream used was sweet cream of less than 0.20 per cent 
acidity and standardized to 18 per cent butter fat with whole 
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milk. Pint samples of the cream were taken after pasteurization 
and immediately after homogenization. The viscosity of each 
sample was determined and a microscopical examination made of 
the fat globules. These samples were then placed in storage and 
examined at intervals of twenty-four hours. 

It was found necessary to dilute the cream in order to examine 
it under the microscope. The following method, which could be 
closely adhered to from day to day, was adopted. Nessler 
tubes, graduated to hold 50 cc. were filled to the 50 cc. mark with 
distilled water. Two drops of each sample of cream were added 
to separate tubes from a 1 cc. pipette, the same pipette being used 
from day to day. The tubes were then corked tightly and in- 
verted slowly and the mixture allowed to run to the opposite end 
of the cylinder. The cylinder was then brought back slowly to 
its upright position three times thus mixing the cream thoroughly 
through the water. A drop of this mixture was then placed on a 
slide for observation. 

In one instance in the first part of this experiment the viscosities 
were secured with the Scott viscosimeter. The cream to be 
tested was brought to a temperature of 17°C. and 200 cc. trans- 
ferred to the viscosimeter. The length of time required for 50 
ec. of the cream to run through the aperture was determined by 
means of a stop watch. The specific viscosity was calculated by 
dividing the time viscosity by the time required for 50 ec. of 
distilled water at the same temperature to run through the 
viscosimeter. 

The remaining viscosities were obtained with the Doolittle 
Torsion Viscosimeter. Two determinations were always made; 
one by rotating the wire to the right; the other to the left, and the 
average of the two readings taken. 

A description of the field observed under the microscope was 
decided upon as the best method of keeping a record of the appear- 
ance of the clumps of fat globules. 


Results secured 


The data secured on the viscosity of the pasteurized cream and 
homogenized cream and the appearance of the fat globules under 
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the microscope are presented in table 1. A study of the data 
in these tables reveals the fact that the viscosity of pasteurized 
cream shows very little increase during aging. In five of the six 
trials the pasteurized cream had a slightly higher viscosity at the 
holding period than when fresh although there was not a steady 
increase from the time the first reading was taken. The tendency 
seemed to be for the viscosity to remain the same or drop some- 
what during the first twenty-four hours and then to increase 
slightly as the aging progressed. The appearance of the fat 
globules in the pasteurized sample was practically constant in 
all the trials in that the globules were separate and did not change 
upon aging. In experiment 2 the pasteurized cream when forty- 
eight hours old had a clump of three or four globules here and 
there on the microscopic field under observation. The fact that 
no clumping of the fat globules was observed in the pasteurized 
sample does not prove that it did not occur. The probability is 
that if clumps are formed the globules do not cling together as 
tenaciously as in homogenized cream and the mixing of the cream 
and water would break up these clumps if any were present. 

The results obtained for the homogenized cream proved rather 
contradictory in that the viscosity did not always increase during 
aging. The data obtained in experiments 1 and 2 show that 
there was a steady rise in the viscosity at the end of each twenty- 
four hours. The data obtained in experiment 3 show a decrease 
in viscosity at the end of twenty-four hours but an extremely high 
viscosity after forty-eight hours. The data secured in experi- 
ments 4 and 6 show a slow decline in viscosity from the fresh 
sample up to and including the seventy-two hour old sample. 
Experiment 5 shows a falling off in viscosity up to the end of the 
forty-eight-hour period and then an increase so that the reading 
taken at seventy-two hours was higher by 1.75° than when fresh. 
In general there was a direct relationship between the appearance 
of the fat globules and the viscosity. Thatis, where the viscosities 
increased, the clumps of fat globules were larger, and where the 
viscosity decreased, the size of the clumps remained the same 
as when the sample was fresh. 
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THE EFFECT OF AGITATION UPON VISCOSITY 


Since the results obtained above indicate that with an increase 
in viscosity there is a greater clumping together of the fat globules 
to which can be attributed the higher viscosity, for the reason 
that as the clusters grow larger more serum is enclosed by them 
resulting in an increase in viscosity, it was decided to carry the 
work farther and attack the problem from another angle. During 
the freezing process the ‘mix is subjected to violent agitation, 
which would naturally be expected to break up the clusters of fat 
globules. If the supposition that the clumping together of the 
fat globules increased the viscosity is correct then the reverse 
should also be true; namely, if the fat clumps are broken up the 
viscosity should decrease. 

Methods 


Samples were taken of homogenized cream after aging and of 
the mix before running it into the freezer. The freezer used in 
this work was a 40-quart brine freezer and the brine was made 
with ice and salt. A Manton-Gaulin homogenizer with a capacity 
of 60 gallons per hour was used for homogenizing. 

The formula adopted for the ice cream was as follows: 


42 pounds 18 per cent cream 
8 pounds sugar 
4 ounces gelatin 
4 ounces vanilla 


During the freezing process samples were drawn from the 
freezer at the end of two, four, six, eight, and ten minutes. 
These consecutive samples were examined under the microscope 
and their viscosities determined with a Doolittle Torsion Vis- 
cosimeter, after carefully warming to 17°C. to allow the 
enclosed air to escape. 

In the microscopic examination seven Nessler tubes were used 
and the dilutions prepared as previously explained. A glass slide, 
large enough so that a drop of all seven dilutions could be 
arranged in sequence upon it, was used. This allowed of a rapid 
change under the lens from one drop to another and a more 
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accurate comparison of the clumps in the different samples was 
possible. 


Results obtained 


The data secured on this part of the problem are presented in 
table 2. The viscosity droped consistently in each sample taken 
with the exception of the eight-minute sample in experiment 2, 
where the viscosity of the eight-minute sample was 0.25 degree 
higher than that of the six-minute sample. However, since the 
difference is so small and in all other cases there was a consistent 
fall in viscosity we are justified in concluding that there is in 
general a lowering of the viscosity brought about by agitation. 
The greatest drop was from the cream to the mix, the stirring 
necessary to mix the sugar, gelatine, and vanilla evidently being 
disasterous to the viscosity. That suchisthe case should be borne 
in mind when preparing the mix and unnecessary stirring of the 
cream avoided. If the whole mix is pasteurized and homogenized 
this factor is not so important. 


SUMMARY 


An effort was made to discover whether or not the increase in 
viscosity of cream during aging could be attributed to an increase 
in the size of the clumps of fat globules. Samples of pasteurized 
and homogenized cream were collected and the viscosity taken 
every twenty-four hours, and at the same time a microscopic 
examination of the fat globules was made. In three of the 
trials the viscosity increased during aging, in two it decreased and 
in the remaining one it was lower at the end of twenty-four hours 
and forty-eight hours but was slightly higher after seventy-two 
hours than when fresh. The appearance of the clumps of fat 
globules seemed to bear a fairly definite relation to the viscosities, 
in that in those experiments where the viscosity increased, the 
size of the clusters apparently increased also, while in the trials 
where no increase was encountered the clumps showed no indica- 
tion of becoming larger during the holding period. 

The influence of agitation on the viscosity and the size of the 
clumps of fat globules was studied by collecting samples of the 
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aged cream, the same cream after the sugar, gelatine, and vanilla 
had been stirred in and of the mix after two, four, six, eight, and 
ten minutes agitation in the freezer. These samples were then 
examined under the microscope and viscosity determinations 
made. From the results obtained it is evident that agitation 
causes a marked reduction in the viscosity and that there is a 
corresponding reduction in the size of the cluster of fat globules. 


CONCLUSIONS 


1. Cream in some cases showed an increase in viscosity upon 
aging and in other instances did not. The clumps of fat globules 
were larger in those cases where there was a rise in viscosity. 

2. Agitation caused a decided reduction in viscosity of cream, 
with an accompanying reduction in the size of the clumps of fat 
globules. 

3. The results of this investigation indicated that the increase 
in viscosity, noted in cream during aging, is attributable to a 
greater grouping together of the fat globules with its attending 
fixation of a part of the free serum. 
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A STUDY OF CALCIUM AND PHOSPHORUS BALANCES 
WITH DAIRY CATTLE* 


R. C. MILLER 
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The results of many years of study by numerous investigators 
and many practical aspects of the problem have developed an 
increasing interest in the utilization of calcium and phosphorus 
by dairy cattle. 

The limited ability of the dairy cow to utilize the mineral con- 
stituents of various rations was demonstrated in series of experi- 
ments by Forbes (1). Normal dry winter rations were fed and 
variously included, timothy, clover or alfalfa hay and in some 
cases corn silage. Negative calcium balances were obtained in 
all cases where the daily milk production exceeded 10 pounds, the 
losses being less with clover hay and alfalfa than with timothy 
hay. In most cases the phosphorus balances were negative. 

Hart and associates (2) reported an appreciable retention of 
calcium when alfalfa hay that had been cured under caps was fed 
to liberally milking cows. A more liberal storage resulted from 
the use of fresh green alfalfa. Positive phosphorus balances ac- 
companied the storage of calcium. It was thought that the 
quality of the roughage determined the degree of calcium assimi- 
lation, by the term quality being meant the relative degree of 
destruction in the curing process of the unknown factors affect- 
ing calcium assimilation. 

Steenbock and associates (3) reported from results obtained 
with rats that alfalfa cured in the dark was very rich in vitamin 
A, even 0.5 per cent supporting normal growth when the anti- 

* Received for publication September 30, 1925. 

1 Also presented to the Faculty of the Graduate School of Cornell University, 
September, 1925, in partial fulfillment of the requirements for the degree of 
Doctor of Philosophy. 

Note: The author wishes to express his appreciation to Dr. L. A. Maynard 
and W. E. Krauss for many valuable suggestions and assistance given in conduct- 


ing the experimental work. 
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rachitic factor was supplied in the form of light, otherwise 4 
per cent being required. When cured in the sun, exposed to dew 
and rain, vitamin A was destroyed but an antirachitic activation 
of certain substances in the alfalfa was suggested. 

In later work Hart and associates (4) reported that negative 
calcium and phosphorus balances were obtained with liberally 
milking cows on alfalfa hay that had been cured in the windrows 
for four days. Greater losses were obtained on timothy hay. 
In further work (5) it was found that on rations including fresh 
green plant tissue, such as June grass and white clover, negative 
calcium balances were obtained. Inquiry into the previous 
nutritional history of the cows accounted for the negative bal- 
ances and a repetition of this experiment taking into account 
this factor, showed that liberally milking cows were not main- 
tained in calcium equilibrium on the character of green grasses 
fed unless a supplement of bone meal was added. In this experi- 
ment appreciable positive phosphorus balances accompanied 
losses of calcium. 

Hart and associates (6) have more recently reported that upon 
daily exposure for twenty minutes to the emanations from a 
mercury quartz vapor lamp negative calcium balances were 
changed to positive balances in two mature lactating goats and 
one mature dry goat which had been brought into negative cal- 
cium balance or equilibrium on a ration deficient in the anti- 
rachitic factor. 

Meigs and associates (7) concluded from their own results and 
a survey of previous balance experiments that the results of such 
experiments are such as to indicate that the experimental con- 
ditions usvally interfered with the calcium assimilation. Evi- 
dence from balance experiments was also presented to show that 
the assimilation of phosphorus and probably calcium was favored 
by the addition of disodium phosphate to the grain ration and 
feeding the grain and hay of the ration on alternate days. 
Marked increases in the milk yield in the Beltsville herd were 
noted when this procedure was practiced (8). 

Miller and associates (9) have reported an experiment in which 
the addition of bone meal to a ration including red clover hay, 
permitted a storage of calcium and phosphorus. 
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A further report by Miller and associates (10) dealt with results 
obtained after the same animals had been maintained under 
successful lactation for ten months and were still farrow and 
producing about 20 pounds of milk daily. A storage of calcium 
and phosphorus resulted on the basal ration which included 
clover hay, corn silage and grain. Supplements of bone meal and 
kale separately increased the storage of calcium while with bone 
meal, phosphorus storage was increased and with kale phos- 
phorus storage was decreased. 

Monroe (11) has presented data showing that cows on high 
protein rations stored calcium while those on lower protein 
rations lost this element. Combinations of clover and timothy 
hays were fed, the proportion of clover to timothy being higher 
in the high protein rations. Beet pulp, carrying a liberal supply 
of calcium was a constituent of the rations. Some of the results 
indicated that the narrow rations used would permit a greater 
phosphorus retention than the wide rations. 

In further work Monroe and Perkins (12) have shown that 
on the same rations cows which had previously had pasture were 
better able to assimilate calcium than cows which had been con- 
tinually on dry feed while the reverse was true in the case of 
phosphorus. The effect of feeding distilled water as compared 
to that ordinarily offered the herd was determined, there being 
apparently slight difference in the results. 

For the past two years a study of nitrogen balances with dairy 
cattle has been in progress at this station? and in conjunction with 
this work it was thought worth while to determine the balances 
of calcium and phosphorus in as much as the roughages and 
rations used permitted interesting studies of different phases of 
the problems concerned in the assimilation of calcium and phos- 
phorus. The results of this study are recorded in this paper. 


EXPERIMENTAL 
The trials 


The experiments reported in this paper consist of four trials 
in which the balances of intake against outgo of calcium and 


? The results of these studies will be published in the near future by L. A. 
Maynard, W. E. Krauss and the author. 
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phosphorus were determined. Trials 1 and 2 were conducted in 
December, 1923, and January, 1924, and trials 3 and 4 in No- 
vember and December, 1924. In trials 1 and 4 clover hay was 
the roughage fed and in trials 2 and 3 timothy hay was used. In 
1923 the clover hay trial preceded and in 1924 followed the tim- 
othy hay trial. 

Each trial consisted of three periods: A transition period in 
which the cows were accustomed to the experimental quarters 
and fed the roughage characteristic of the trial, but only an ap- 
proximate grain mixture. There followed a preliminary period 
in which they received accurately weighed out amounts of the 
feeds and then a collection period when the excreta was collected 
by attendants. The transition periods were seven to ten days 
long, the preliminary periods four days to a week long, and the 
collection periods in trials 1 and 2, twelve days long, and in trials 
3 and 4, fourteen days long. 

A point of interest that may affect the results obtained is that 
the cows were exposed to direct sunlight periodically throughout 
the experiment. The actual preliminary feeding and collection 
of excreta was conducted in a north room of a basement barn 
where there was no exposure to sunlight, but during the transition 
and preliminary periods the cows were turned out in a courtyard 
for approximately two hours daily when the weather permitted, 
and during the collection period they were exercised at least 
every other day in this courtyard or in the vicinity of the barn. 
These exercise periods were from twenty to thirty minutes long, 
the cows being accompanied by attendants equipped for collection 
of any voided excreta. Whether or not this procedure materially 
affected the calcium assimilation is a question, but it is thought 
well to point out that the cows were exposed to some direct sun- 
light and that some calcium assimilation may have resulted from 
it. When weather conditions permitted the cows were removed 
from the stable every other day for the purpose of weighing them. 


The cows 


The animals used were mature pure bred Holstein cows. The 
stages of the lactation and gestation periods covered are given in 
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table 1. Animals 1 and 4 were the same. All of the cows were 
good feeders with the exception of no. 2 in trial 2, when for two 
days she refused a considerable amount of feed. 

Previous to starting the experiment in 1923 the cows were in 
good condition, having been on a good grain ration containing 
1 per cent each of bone meal and calcium carbonate and having 
received an excellent quality of mixed hay but rather poor corn 
silage that contained but few ears. 


TABLE 1 
Stages of lactation and gestation periods covered and average daily milk yields 








DISTINGUISH- AVERAGE AVERAGE 

womsen | wompen | INOFRATURE | TiCoCtow | axsrarion | PAILY MILK | WxIGRT oF 
day day pounds pounds 
1 101-112 3-14 48.66 1,359 
1 2 Clover 238-249 | Not bred 39.45 1,187 
3 Hay 88- 99 4-15 54.92 1,451 
1 132-143 34-45 46.44 1,372 
2 2 Timothy 269-280 13-24 35.51 1,167 
3 Hay 119-130 35-46 53.66 1,447 
4 74- 87 | Not bred 51.31 1,369 
3 5 Timothy 63- 76 | Not bred 48.05 1,281 
6 Hay 188-201 | Not bred 37.65 1,301 
4 99-112 6-19 49.00 1,349 
4 5 Clover 88-101 6-19 46.25 1,247 
6 Hay 213-226 1-14 34.91 1,279 























In 1924 before being placed on the experiment the cows had 
been receiving a good grain ration in excess of their requirements. 
They had been getting 8 pounds daily of a mixture of clover and 
timothy hays and 60 pounds of poor quality corn silage. They 
had been receiving no minerals. 

There is no reason to believe that in either year any of the 
animals were in a bad state of mineral or vitamin depletion, 
having not been long off pasture and having since received fair 
quality rations previous to starting the experiments. It can 
be said that the previous nutritional history of the cows was 
probably better than that of cows subjected to average practical 
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conditions, although they had not been receiving the best quality 
of hay. 


THE FEEDS AND RATIONS 


The feeds used in the experiments were such as are commonly 
used in winter feeding. The ingredient composition of the 
various grain mixtures is given in table 2. The calcium and 
phosphorus contents of the feeds is given in table 3. The clover 


















































TABLE 2 
Ingredients of grain mixtures, average daily rations consumed and average daily milk 
produced 
COMPOSITION OF GRAIN MIXTURE 
2 } < - 
7/2 3 ee | 
Plalilalelélal. : 
- an & 
delat eldls lel elslalal als 
per centiper cent|per cent|per cent| grams | grams | grams| yrams |grams| grams | grame 
1 | 59.67) 20.17] 13.44) 6.72) 8,358 5 ,444/18,144) 35 22,073 
14] 2 | 45.19] 27.41) 18.27] 9.13) 6,276 5 ,226)18,144) 35 |17,895 
3 | 54.65) 22.67] 15.12) 7.56)/10,134 5,225)17 ,517| 35 |24,910 
1 | 35.29) 32.36) 21.57) 10.78) 8,970) 5,444 18,144) 45 |21,067 
24] 2 | 25.19) 37.40) 24.94) 12.47) 6,794] 4,536 12,096) 45 |16,107 
3 | 26.79} 36.61) 24.40) 12.20)10,722) 5,444 18,050) 45 |24,341 
4 | 33.42) 33.29] 22.19) 11.10) 8,934) 5,460 18,144) 60 |23,274/48,318 
34} 5 | 35.22) 32.39) 21.59) 10.80) 7,146) 5,460 18,144) 60 |21,796/40,170 
6 | 40.79) 29.61) 19.73} 9.87) 7,244) 4,527 17,085) 60 |17,079|39 , 334 
4 | 36.89) 63.81 8,544 5, 460/18, 144) 60 |22,228/46, 893 
44] 5 | 61.20) 38.80 7,224 4, 540/18, 144) 60 |20,977/37 ,412 
6 | 65.47) 34.53 6,438 4 540/16 ,689] 60 |15,833/40,442 











and timothy hays used in trials 1 and 2 were judged as Federal 
grade number 2 and those used in trials 3 and 4 as number 1. 
The clover hay particularly in trial 4 was of excellent quality. 
No particular care was taken in the curing process, however, 
none of the clover was excessively exposed to the elements in 
curing. 

In no case was the silage of excellent quality. It was for the 
most part corn silage containing sunflowers and very few corn 
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ears. At the beginning of trials 2 and 4 new silos were opened 
and for several feedings the silage was not of good quality, it 
being necessary to exercise care in the feeding in order to keep the 
cows on feed. 

The composition of the grain mixture to be used was ascertained 
by determining the probable milk yield of the cows by means of 
the transition period when they were fed a basal grain mixture 
together with silage and the roughage characteristic of the trial. 

In most cases the milk production was actually overestimated 
so that the cows received rations slightly in excess of their expected 
requirements based on their performance during the transition 
period. 

TABLE 3 
Calcium and phosphorus content of feeds as weighed and fed 





TRIAL 1 TRIAL 2 TRIAL 3 TRIAL 4 





Ca P Ca P Ca P Ca P 








per cent|per cent\per centiper cent|per cent\per cent 
0. 1590)0 0657/0. 1573/0.0923/0.0983)0 .0537 
Clover hay 1.1123/0. 2208 
Timothy hay 0. 3778/0. 2238/0. 3131/0. 1692 
Grain, cow 1 : 0.0925)0. 5087/0. 1347/0. 7285 
Grain, cow 2 0. 1073/0. 6041/0. 1513/0. 6440 
Grain, cow 3 0.0952/0. 5751/0. 1362/0. 8615 
Grain, cow 4 0. sp om 0. 1054/0. 3241 








Grain, cow 5 0. 1138/0. 6600/0.0811/0. 3528 
Grain, cow 6 0. 1190/0. 6643/0 .0635)/0.3182 




















The rations were made up to supply each cow with the upper 
limit of total digestible nutrients specified by the Morrison stand- 
ard, but in order to satisfy conditions desired for the nitrogen 
balance study the amount of protein fed was necessarily lower 
than that specified. The protein intake was calculated to be the 
maintenance requirement plus digestible protein equal to 120 
per cent of the protein in the milk produced. 

In making up the rations it was desired to feed the same amount 
of silage and hay in all cases but to vary the composition of the 
grain mixture to adjust the protein intake to the desired level. 
Therefore with clover hay a low protein grain mixture was fed 
and vice versa with timothy hay. The high protein content 
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TABLE 4 
Average daily balances of calcium and phosphorus 





cow 1 





Ca P 





grams grams 

- , 1.192 : 1.151 
60. 554 i ‘ 11.539 11.537 
37.913 58.281 
50.644 70.969 


Trial 14 Mi .293| 15.247] 23.067] 22.270 

, af 0.282] 0.542] 0.226 
41.596 , 42.517 
57.125] 98.003] 65.013 


Balance........... " . , —6.481 ’ +5.956 


{ Silage............. ; ' 1.116 : 1.666 
10.152} 20. 12.184 
49.494) 14. 92.370 
60.762| 63. 106.220 


15.382 : 24.536 
0.419 " 0.254 
47.658 F 70.654 
63.459 : 95.444 








—12.979) —2.697 -615|+10.776 





cow 5 cow 6 


17.836} 0.974 . 0.917 
17.095} 9.238 < 7.660 
8.132) 47.163 ‘ 48.121 
3.575 , 
46.638) 57.375 ‘ 56.698 





Trial 3 22.254} 22.232 17.660 


1.818} 0.198 0.258 
35.092) 46.933 47.178 
59.164) 69.363 : 65.096 








L .297| —12.526|—11.988] —5.435| —8.398 














Trial 4 ‘ b 14.316] 0.742) 13.168} 0.683 
51.189} 12.667) 51.189) 12.667 
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TABLE 4—Continuea 








P Ca P Ca 





grams grams grams grams 
27.691] 5.859] 25.486] 4.088 
3.330 3.599] 
43.666| 74.694) 38.895) 72.044 


19.516] 21.271) 19.425) 17.749 
1.056} 0.288) 1.142) 0.230) 2.359 
67.436} 32.863} 60.872) 25.480) 58.280 
94.032} 52.667) 83.285) 45.135) 78.388 


Balance...........| —4.975|—9.001] —8.591| —6.240) —6.344 


























of the clover hay used in trial 4 required that the oil meal and 
wheat bran be omitted from the grain mixture. This ration 
was therefore comparatively high in calcium and low in phos- 
phorus as can be seen from table 3. 

The grain of the ration was fed three times daily at milking 
time, the hay and silage being fed at night and morning. Very 
little feed was refused by any of the animals. However, any residue 
was accounted for and after being dried out in a steam oven was 
fed back to the cow if possible. 

During trials 1 and 2 the cows received distilled water and in 
trials 3 and 4 tap water such as ordinarily fed to the herd was 
used. All water taken by the cows was weighed. 

The methods of analysis used were the official methods of the 
Association of Official Agricultural Chemists with the exception 
that after ashing and dissolving in dilute hydrochloric acid, 
calcium was determined by the McCrudden method (13) modified 
to use the potassium permanganate titration (14). 


DISCUSSION 
Calcium balances 


The balances of calcium and phosphorus are given in table 4. 
All of the calcium balances are negative except one in which a 
slight storage of this element took place with cow 1 in trial 1 on 
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clover hay. In general smaller negative balances were obtained 
when clover instead of timothy hay was fed as the roughage. 
These results are in agreement with the findings of other investi- 
gators. The only exception occurs in the case of cow 6 which 
lost less than one gram more calcium in trial 4 than in trial 3. In 
general probably due to advancement in the lactation period the 
losses of calcium by this animal were low. In addition she suf- 
fered some disturbance due to breeding on the morning that trial 
4 was started and had difficulty in consuming her allotment of 
silage for several days. 

As has been pointed out, the silage in trials 3 and 4 was of poor 
quality and not as good as that used the previous year. Con- 
sequently the calcium intake was considerably lower in the last 
two trials. What effect the quality of the silage would have 
from the standpoint of both its content of calcium and the anti- 
rachitic factor is questionable. From this work and also the 
results of Forbes and Hart such a consideration does not seem 
to be important although it may have a small effect on calcium 
assimilation. 

A comparison of the calcium balances obtained in trials 1 
and 4 may indicate the possibility of decreased calcium assimila- 
tion in trial 4 due to the low phosphorus content of the ration 
used in that trial. Such an adjustment of the rations was made 
necessary by the nitrogen balance studies due to the high protein 
content of the clover hay that was used. 

No difference is noted of the effect of feeding tap water in trials 
3 and 4 instead of distilled water as in the first two trials except a 
possibly higher outgo of calcium in the urine in some cases. This 
is in general in accord with a recent report by Monroe and Perkins 
(12). The calcium content of the tap water was low but the 
intake of this element was accounted for. Only a trace of phos- 
phorus could be detected in the tap water. 

The previous nutritional history of the cows each year may have 
influenced the results obtained. This factor may have been 
responsible for the relatively low losses and for one case of storage 
in trial 1 as compared to the greater losses experienced in trial 
4 on clover hay. Any residual effect of the previous feeding of 
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minerals as mentioned before would be a factor that might have 
tended to produce the results obtained. 

As to the possible influence of sunlight in these experiments 
little can be said. No record was kept of the actual number of 
hours of exposure but at the most it could not have exceeded 
thirty hours in any of the combined preliminary, transition and 
collection periods. From a survey of the sunlight records of the 
local weather bureau it can be assumed that any possible influence 
of sunlight was fairly uniform in all of the trials. Since in these 
experiments from this standpoint the treatment approached that 
used in general practice, under similar weather conditions it could 
be said that the effect of sunlight was not sufficient to counter- 
balance the deficiency in the rations of the factor affecting cal- 
cium assimilation. Further work should determine what would 
be the influence of sunlight under summer conditions. From 
work with swine by Maynard and co-workers (15) little differ- 
ence was noted between winter and summer sunlight conditions 
in the prevention of stiffness in swine. Just what may constitute 
an adequate amount of sunlight to induce calcium assimilation 
in dairy cattle should be determined. 

The question of the accompanying protein metabolism on 
mineral assimilation is one which has not been investigated 
thoroughly and may be considered in the interpretation of the 
results obtained in this work. Monroe (11) has noted negative 
calcium balances on wide rations and positive balances on narrow 
rations, the narrow rations containing a higher percentage of 
freshly cured clover hay. Numerous investigators have demon- 
strated the superiority for mineral assimilation of certain rough- 
ages over others which are known to contain less protein which 
is thought to be of inferior quality. With swine, certain protein 
supplements seem to be superior to others in their effect on 
mineral asssimilation. Maynard and co-workers (16) working 
with swine have noted the beneficial effects of fish meal on mineral 
assimilation where a constant plane of protein intake was main- 
tained. In many mineral studies the ingredient of the ration 
which is being studied carries not only an increased supply of 
minerals and perhaps the factor aiding their assimilation but also 
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more protein of a better quality. It may be logical to attribute 
the beneficial effects on mineral nutrition to the minerals added 
or their aided assimilation, however, though it may be only a 
coincidence, the fact remains that increased mineral assimilation 
has been accompanied by either or both an increase in the amount 
of or an improvement in the quality of protein. 

In this work a better assimilation of calcium occurred under 
conditions where protein of supposedly superior quality was 
used while a constant plane of intake was maintained. In the 
work of Monroe the plane of protein intake was raised by the 
substitution of protein of superior quality. It would seem that 
the quality of protein may be an important factor in the inter- 
pretation of the results of studies of mineral metabolism and as 
such it is offered in this work. A report of the nitrogen balance 
studies carried on in connection with this work will throw more 
light on the accompanying protein metabolism. 


Phosphorus balances 


The phosphorus balances are all negative except in the case of 
cow 3 in trials 1 and 2. This animal was the highest producer 
and the heaviest cow used in the experiments and as such re- 
quired more of a higher protein grain mixture in combination 
with a fixed amount of silage and hay. From the phosphorus 
balances resulting is indicated an increased assimilation of phos- 
phorus corresponding with a higher intake than that of the other 
cows. Accompanying this condition were negative calcium 
balances. Such independence of calcium and phosphorus assimi- 
lation has been noted at various times by several workers. It 
is further brought out in an examination of the remaining balances 
obtained in this work. The explanation for such a storage as 
seen in the case of cow 3 is difficult. There is perhaps little pos- 
sibility of a longstanding condition of this kind but again it may 
be, in this case, the result of a previous condition where this cow 
was not receiving phosphorus enough to cover her requirements. 
More flexibility in the mobilization of phosphorus is possible 
than in the case of calcium, due to the higher content of phos- 
phorus in the softer tissues of the body in addition to that con- 
tained in the bones. 
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In addition, in three other cases, the phosphorus balances 
although negative indicate increased utilization of phosphorus 
when its content in the grain mixture was increased. As in the 
case of cow 3 it might be possible for a cow to be in a negative 
calcium balance and phosphorus equilibrium at the same time. 
Such a possibility has been pointed out by Meigs (8). 

Hart and co-workers (2) have observed that the quality of the 
hay not only affects the assimilation of calcium but also that of 
phosphorus. With an increased assimilation of calcium in such 
a case we might also expect an increased assimilation of phos- 
phorus. The balances determined in this work are not generally 
in agreement with such a statement but may be similar to those 


TABLE 5 
Calcium and phosphorus content of milk 





TRIAL 1 TRIAL 2 
COW NUMBER 





Ca P 





per cent per cent 
0.1126 0.0864 
0.1134 0.0852 


0.0926 0.0894 








4 0.1159 0.1022 0.1149 
5 0.1021 0.1020 0.1014 0.0926 
6 0.1152 0.1034 0.1121 0.0976 

















obtained later by Hart (5) when due to a generous provision of 
wheat bran in the ration positive phosphorus balances accom- 
panied calcium losses on green grass. It is therefore of practical 
interest that the phosphorus demands of dairy cattle can be pro- 
vided for by adequate grain mixtures although it is questionable 
whether or not this is actually achieved in practice. 

The calcium and phosphorus content of the milk is given in 
table 5. An inspection of these data indicates that the concen- 
tration of these elements in milk is fairly constant. A compari- 
son of the composition of the milk from the same cow in the 
different trials shows in all cases a slightly higher calcium content 
when the cows received timothy hay instead of clover hay. 
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Greater differences are noted in the same direction in all instances 
in the case of phosphorus. To be sure, the differences observed 
are small but they are fairly uniform and if significant they bear 
out the previously mentioned contention of an increased assimila- 
tion of phosphorus in response to the increased supply of this 
element in trials 2 and 3 over that of trials 1 and 2. 

There is a popular belief that the mineral content of cows’ 
milk is altered in response to an increased mineral assimilation. 
From table 5 it can be seen that any variation that may have 
occurred in this case is very small and was probably the result 
of an increased mobilization of phosphorus rather than of calcium. 


SUMMARY 


1. The results of twelve determinations of the balances of 
intake against outgo of calcium and phosphorus with liberally 
milking dairy cows are given. 

2. A better assimilation of calcium resulted when clover hay 
instead of timothy was fed as part of a ration which included corn 
silage and a grain mixture. 

3. A better assimilation of calcium occurred under conditions 
where protein of supposedly higher quality was fed through the 
medium of clover hay. 

4. Some independence between calcium and phosphorus assimi- 
lation was observed. 

5. Better assimilation of phosphorus occurred when more 
ample provision was made for this element in the grain mixture. 

6. There was but little variation in the calcium and phosphorus 
content of the milk under the conditions studied. The percent- 
age of phosphorus in the milk seemed to increase slightly in 
response to an increased supply in the feed. 
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ANNUAL MEETING OF THE AMERICAN DAIRY 
SCIENCE ASSOCIATION 


The twentieth annual meeting of the American Dairy Science 
Association was held in connection with the National Dairy 
Exposition at Indianapolis, Indiana, on October 12 and 13, 1925. 

The first general session which convened at the Hotel Severin 
at 9:00 a.m. October 12 was called to order by President O. E. 
Reed who spoke briefly of the work of the Association. The 
minutes of the 1924 meeting were read and approved. The 
report of the secretary-treasurer, J. B. Fitch, was read and 
adopted. 

Divisional meetings were reported on by: 

A. A. Borland for eastern division. 

C. A. Hutton for southern division. 

F. W. Atkeson read a report submitted by H. A. Bendixen 
for the western division. 

C. H. Eckles reported on the Union of Biological Societies. He 
outlined the plans of the Union and stated that Rockefeller 
Foundation has $350,000 to be spent in ten years for the publica- 
tion of abstracts. This would be available January 1, 1926. 

C. H. Eckles also reported as representative to the National 
Research Council. 

At the request of W. E. Skinner, the President appointed a 
committee to study the Dairy Exposition and to make suggestions 
for improvement. The following committee was appointed: 
W. A. Stocking, F. W. Atkeson, H. H. Kildee, and E. M. Harmon. 

The President also appointed the following members of the 
National Research Council Advisory Committee: 

A. A. Borland and R. 8S. Breed their terms expiring July 
31, 1926. 
H. A. Ruehe and W. M. Regan whose terms expire July 
31, 1927. 
O. F. Hunziker and L. A. Rogers whose terms expire July 
31, 1928. 
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The representative to the National Research Council is to 
act as chairman. 

H. P. Davis spoke briefly on the advisability of appointing a 
committee to study the courses in dairying offered at the different 
institutions with the idea of unifying and making more standard 
the courses offered. No action was taken on this suggestion. 

J.H. Frandsen spoke regarding the JourRNAL or Datry Science, 
outlining future plans for that publication. 

C. H. Eckles suggested that the allowance of $300 for the editor 
of the Journal of Dairy Science was inadequate and warranted 
an increase more in keeping with the experience and duties of 
that position. President Reed appointed a committee composed 
of Eckles, Larson and Stocking to study and make recom- 
mendations. 

The following nominations for 1926 were reported by A. A. 
Borland, chairman of the nominating committee: 

For President: O. E. Reed, Michigan; J. M. Fuller, New 
Hampshire. 

Vice-President: H. F. Judkins, Massachusetts; A. C. Baer, 
Oklahoma. 

Secretary-Treasurer: G. C. White, Connecticut; H. A. 
Ruehe, Illinois. 

Editor: J. H. Frandsen, Nebraska; A. C. Dahlberg, New 
York. 

The final selection is to be made by mail ballot as provided in 
the constitution. 

Announcements were made concerning the meeting for the 
next day and concerning the banquet. The meeting adjourned 
at noon, to convene again October 13, after the sectional meetings. 


SECOND SESSION, TUESDAY OCTOBER 13, 1925, 9:00 a.m. 


After the meetings of the different sections a general session 
was called for Tuesday, October 13, 1925. J. A. Gamble reported 
on the Production Section, H. F. Judkins for the Manufacturing 
Section, L. W. Morley for the Extension Section and C. E. Wiley 
for the Advanced Registry Section. 

A. A. Borland spoke briefly on the uniform cow testing associa- 
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tion rules adopted by the Extension Section. It was his idea 
that they were very much the same as the proposed Ayrshire herd 
test. Ragsdale, Morley and Baltzer also spoke regarding the 
uniform rules. 

C. H. Eckles submitted the following report from the com- 
mittee appointed to study the allowance for the Editor of the 
JOURNAL: 

“The committee recommends to the Executive Committee that 
the sum of $300 be added to the budget for the Editor’s office 
the payment of this additional sum to be contingent upon an 
equal sum being brought into the hands of the Treasurer as a 
result of the proposed membership campaign.” 

It was the idea of the meeting that no increase could be made 
unless the membership was increased. With this in mind all 
agreed to help the Secretary in increasing the membership. 
Mortensen, Borland, Hayden and Stocking spoke regarding the 
membership of the Association. 

The following budget for 1926 was submitted as approved by 
the Executive Committee: 


PI IO, oo ccc ccascccushecchcccccyeececes ¢aebeeWeneeeal $300 
II... snc cap taney beaahws <o0Ne «9.085 Ciebieeee 100 
NS isi. cNa wd oa o's 60 ee dabK ee KEES Muni ee oeeie eae 100 
EN 66 0 dba’ s Sse adden tyes abeasctepabesde evoadasbeced 75 

$575 


The following officers were elected in the different sectional 
meetings: 
Section I Production: 
C. C. Hayden, Chairman 
O. G. Schaefer, Secretary 
Section II Manufacturing: 
A. C. Baer, Chairman 
C. D. Dahle, Secretary 
Section III Extension: 
A. J. Cramer, Chairman 
C. F. Finley, Vice-Chairman 
C. R. Gearhart, Secretary 
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Section IV Advanced Registry: 
C. E. Wylie, Chairman 
W. E. Petersen, Secretary 

C. H. Eckles reported for the committee on the revision of 
the constitution. 

The annual banquet was held at the Hotel Severin at 6:30 
Tuesday evening, October 13. H. F. Judkins acted as toast- 
master and A. J. Glover, editor of Hoard’s Dairyman was the 
principal speaker. 

Announcements were made of awards and presentation of 
prizes in Intercollegiate Judging Contests. Mr. Wm. White 
presented the awards to winners in Dairy Products and Mr. 
W. W. Swett, to winners in the Dairy Cattle Contest. 

J. B. Frrcu, 
Secretary. 
PRODUCTION SECTION 


The Production Section of the American Dairy Science Asso- 
ciation was called to order by Professor J. A. Gamble, Chairman. 
Secretary J. P. LaMaster being absent, Professor A. C. Ragsdale 
acted as secretary. 

The minutes of the last meeting were read and approved. 

Professor H. E. Van Norman, representing the Naticnal Dairy 
Association gave an address dealing particularly with the Farmers 
Judging Contest and placing card. This placing card had been 
recommended to the National Dairy Association and adopted for 
use this year by a committee appointed the previous year by this 
section of the American Dairy Science Association. This com- 
mittee reported as follows: 


Your Committee on Dairy Cattle Placing Card for Farmers Judging 
Contest submits the following report: 

Several informal meetings of the Committee were held with three of 
the four members present—not always the same ones. 

Taking the placing card devised by the Animal Husbandry Depart- 
ment of the University of Wisconsin, and used at the last National 
Dairy Show, as a starting point, the accompanying placing card was 
approved by the Committee and recommended to the National Dairy 
Show for use this year, which recommendation has been accepted. 
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The card was printed as per copies attached herewith and samples 
mailed by the National Dairy Association to 77 dairy department 
professors in 35 states. National Dairy Association offered to supply 
any desired number at cost. Nine professors secured for trial, copies 
in varying numbers from a few to several hundred, while Wisconsin 
printed ten thousand just like this. 

Inquiries as to the working out of this score card in practice were 
directed to the professors who secured additional copies for use. Seven 
replied unanimously approving the placing card arrangement as sub- 
mitted herewith. One instructor did raise the question as to whether 
the final placing should not count more than 50 per cent of the total 
score, which question the Committee does not attempt to answer, as the 
50-50 basis is used in the National Students Judging Contest and other 
similar contests. 

Referring to the key for scoring the contestants, four instructors 
reported using this key, one without modification and three modifying 
the values to fit the classes being judged. 

One department which has not used the card suggests omitting the 
key from the card, while Professor Humphrey, who has had the largest 
experience in the use of this card, would supply a complete key with all 
possible combinations shown with their values. This would require 
24 tables like the one printed on the reverse of this card. 

Your Committee recommends that the American Dairy Science 
Association receive this report, give such publicity to the placing card 
herewith submitted as circumstances may permit; further, that the 
Committee continue to collect further data concerning the use of this 
card and report at the next annual meeting such suggestions for im- 
provements or modifications as circumstances may dictate; and further 
that the Association authorize the printing of the following phrase 
on these placing cards: 


Placing Card Recommended by the American Dairy Science Association 


Report respectfully submitted, 
SpeciaL CoMMITTEE ON FARMERS 
Jupeine Piacine Carp, 
J. C. Humpurey 
H. H. Kitpee 
W. W. Swerr 
H. E. Van Norman, Chairman. 








98 ANNUAL MEETING 


The report of this special committee on the Farmers Judging 
Placing Card was accepted, placed on file and the committee 
continued. 

W. W. Swett, Chairman of the Committee on the Students 
Dairy Cattle Judging Contest, gave the following report: 


The annual meeting of the committee on the Students Dairy Cattle 
Judging Contests was held at the office of the National Dairy Associa- 
tion, Chicago, Illinois, March 21st, 1925. The meeting was called to 
order by the Chairman. The following members of the Committee 
were present: A. A. Borland, L. H. Fairchild, H. H. Kildee, W. W. 
Swett; and also H. E. Van Norman and S. H. Anderson of the National 
Dairy Association. 

The material presented to the Committee by the chairman consisted 
of suggestions received relative to methods of improving the conduct 
of the contest work. These suggestions were read over and carefully 
considered. 

Only one outstanding change in the rules was made at this annual 
meeting. This change provides that the superintendent shall select a 
judging committee, composed of two judges, preferably college men or 
ex-college men of recognized ability on all four breeds, to act with a 
special breed judge for each breed. It was the sense and understanding 
of the committee that the special breed judge shall have the qualifica- 
tions and duties of the associate judge of 1924, that he shall have equal 
voice with the two other members of the committee in placing the 
rings of the particular breed on which he is working and that the com- 
mittee shall decide on one placing for each class by working together 
rather than independently. This decision was reached after a lengthy 
discussion by each of the members of the committee which revealed 
within the committee a very strong sentiment for developing the contest 
on a basis in which the college view point would predominate. 

A short time after the annual spring meeting a circular letter signed 
by the coaches of 24 different state institutions came to the Chairman 
unsolicited. This circular letter made a number of specific suggestions 
and recommendations for changes in the rules governing the contest. 
The changes made at the meeting were, in all essentials, directly in 
accord with those written requests from 24 different states. 

A number of other minor changes in the wording were necessary to 
make the rules conform to the one major change outlined. The question 
of the relative merits of oral and written reasons was discussed thor- 
oughly but no change was made in this regard. 
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Preliminary arrangements were outlined for the annual banquet of 
the American Dairy Science Association. The responsibility for this 
banquet was placed on Professor Borland. 

The question of some kind of a score card for simplifying the contest 
procedure was discussed, but no action was taken. 

The rules as amended were unanimously adopted as a whole. 

The meeting adjourned at 5:00 p.m. 

A. A. BorLanp, 
L. H. Farrcuinp, 


W. W. Swarr, Cheirmen. 


This report was approved and placed on file. 

Dr. Sewell Wright, of the United States Department of 
Agriculture gave a most excellent address on Inbreeding and 
Crossbreeding. 

R. R. Graves, of the United States Department of Agriculture, 
gave an address on Breeding Dairy Cattle for High Milk Produc- 
tion. This address together with that of Dr. Wright, occasioned 
some little comment and were much appreciated. 

The report of the nominating committee was unanimously ap- 
proved and C. C. Hayden, Ohio, and O. G. Schafer, Minnesota, 
were declared elected president and secretary respectively of 
Section I. 

The meeting adjourned at 4:15 p.m. 

A. C. RaGspa.z, 
Acting Secretary. 


MANUFACTURING SECTION 


The Dairy Manufacturers’ Section of the American Dairy 
Science Association was called to order by Chairman, H. F. 
Judkins on October 12, 1925 at the Hotel Severin at Indianapolis, 
Ind. 

The minutes were read by Secretary N. E. Olson and approved. 

Professor Judkins reported for the Committee on Judging 
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Dairy Products. This report recommended the inclusion of ice 
cream in the next year’s contest. 
The report which follows was adopted as read: 


Report of Rules Committee for the Students Dairy Products Judging 
Contest at the National Dairy Show, October 12, 1925 


Rule 13 now reads, “Each contestant shall score and criticize ten 
tubs of butter, ten cheeses, and ten samples of milk, the time allowance 
being one hour for each product.”’ It is recommended that the follow- 
ing be added, “‘A five minute rest period shall be allowed at the end of 
each one hour judging period.” 

The last part of Rule 16 reads, “The contestants shall have access 
to these samples, five minutes for each product, just previous to the 
scoring of the contest samples. To make it clearly understood that the 
contestants cannot refer to these samples while the judging of the con- 
test samples is in progress the words, “and then only,” should be added. 
It is recommended that the time for examination of these samples be 
changed to ten minutes. 

It is recommended that the rules committee be left with power to 
decide whether ice cream shall be included in the contest next year 
with the understanding that they will be guided by the judgment 
of the coaches who participate in the practice judging tomorrow. If 
ice cream is included next year it is recommended that the number of 
samples of each product be changed from ten to seven and the time for 
judging each product changed from one hour to forty-five minutes. 

The first paragraph under judges, page eight, reads, ‘“The super- 
intendent of the contest shall select a committee of two judges to 
judge each product and shall, as far in advance of the contest as possible, 
notify each institution as to the personnel of these committees.” 

It is recommended that the last part of the sentence relative to 
notifying the colleges as to the personnel of the judges be omitted. 


- Score cards 


In arranging the defects under “bottle and cap” on the milk score 
card the bottle defects should be arranged separately from the cap 
defects. It should be made clear just what score is given to the different 
types of caps. It is recommended that if ice cream is judged next year 
that on the student’s score card the defects be stated as on the score 
cards for other products, that is, not grouped under a definite range of 
score as they are now. 
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The committee is always open to suggestions as to how to secure more 
prizes and as to what the nature of these prizes should be. 
Respectfully submitted, 
M. MorrenseEn, 
H. W. Grecory, 
G. D. Turnzow, 
W. H. Wurre, 
H. F. Jupxrs, 
Rules Committee. 


Nore: No further action was taken at the meeting in regard to including ice 
cream in next year’s contest than that stated in committee’s report. 


Dr. R. 8. Breed reported for the Committee on Bacteriological 
Methods. The report was approved and the committee con- 
tinued. It was suggested that a sub-committee for bacteriologi- 
cal methods for ice cream be appointed. The suggestion was 
approved by vote and Chairman Judkins appointed, A. C. Fay, 
F. W. Fabian, and B. W. Hammer. Motion that this committee 
be instructed to act with a committee appointed by the National 
Association of Ice Cream Manufacturers, carried. Professor Jud- 
kins appointed himself a committee of one to present the matter 
to the ice cream men’s convention at Detroit. 

Dr. Harding suggested a separate score card for pasteurized 
milk. Professor Fisher moved that the suggestion be referred 
to the score card committee. Carried. 

Mr. R. C. Potts reported for the Committee on Economic 
Phases of the Dairy Industry. Report approved. 

Professor C. L. Roadhouse presented a report on “Judging Dairy 
Products in Our High Schools.” An interesting motion picture 
of the activities of the dairy depart nent, at Davis, California, 
was also exhibited. 

O. R. Overman, Urbana, IIl., presented a paper on “The Rela- 
tion of Solids in Milk to Fat and Specific Gravity of the Milk.” 
Ordered placed on file. 

R. C. Fisher, Cincinnati, Ohio, reported at length for the 
Committee on Testing Ice Cream for Fats and Solids. The report 
was ordered placed on file and the committee continued. It was 
suggested by A. C. Dahlberg that a central committee on Chemi- 
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eal Methods of Testing Dairy Products be appointed. Moved 
by R. C. Fisher that such committee be appointed to be composed 
of the chairman of the other committees on Testing Dairy Prod- 
ucts. Motion carried and the following committee appointed, 
O. F. Hunziker, Chairman, R. C. Fisher, H. C. Troy, and A. C. 
Dahlberg. 
Dr. Otto Rahn of Kiel, Germany, next delivered an interesting 
report on the Dairy Physics Department of the Government 
Dairy School in Kiel. 
A number of interesting reports of research work included the 
following: 
“Federal State Butter Inspection as a Means for Quality 
Improvement.” C. W. Fryhofer, St. Paul, Minn. 
“Correlation of the Scored Butter and Its Methods of Manu- 
facture on Yeasts and Molds in Butter.” E. A. Parfitt, 
Lafayette, Ind. 

“The Effect of Ice Cream Ingredients Upon the Viscosity 
of the Mix.”” D. A. Downs, Lincoln, Nebr. 

Professor P. M. Brandt delivered a thorough report on ‘The 
Operation of College Creameries.”’ 

Professor A. C. Baer was called upon to tell of the successful 
operation of a codéperative creamery in conjunction with the 
College at Stillwater, Oklahoma. The report was approved. 

Professor Roadhouse then suggested that a committee be ap- 
pointed to present the above report to the National Dairy 
Organizations such as The National Milk Dealers’ Association, 
The Ice Cream Manufacturers Association, The American Asso- 
ciation of Creamery Butter Manufacturers, The National But- 
termakers’ Association, and the National Cheese Association. 

The suggestion was approved and Chairman Judkins appointed 
the following committee: C. L. Roadhouse, Chairman, O. F. 
Hunziker and P. M. Brant. 

Election of officers of Section II resulted as follows: A. C. 
Baer, Stillwater, Okla., Chairman; C. D. Dahle, State College, 
Penn., Secretary. 

The meeting adjourned at 6:15 p.m. until 1926. 

N. E. Ouson, 
Retiring Secretary. 
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EXTENSION SECTION 


The Extension Section this year held one of the most interesting 
meetings in its history. About 70 members were present from 18 
states and the District of Columbia. The committee reports 
showed that much work had been done by the various coramittees, 
and splendid papers were read on subjects of timely interest. 

The meeting was called to order by the Chairman, L. W. 
Morley. Minutes of the last meeting were read by the Secretary, 
C. A. Hutton, and approved. 

Reports of the various committees were called for. Professor 
J. D. Brew, Chairman of the Dairy Manufacturing Committee, 
was absent. 

Professor E. B. Fitts, Chairman of the Feeding Committee, sub- 
mitted a written report together with copies for each member of 
the Extension Section. Professor Fitts emphasized the impor- 
tance of practical suggestions in bulletins and other printed ma- 
terial, as well as in talks to demonstrators about feeding methods 
and rations. He referred to a number of useful bulletins which 
have been issued by various dairy specialists during the year. He 
also called attention to the value of the feeding school, conducted 
in the demonstrator’s barn, as a useful method of interesting the 
dairymen in the community in improved rations. 

Miss Jessie M. Hoover, Chairman of the Milk Campaign 
Committee, said she would submit a mimeographed report for 
members. 

Mr. L. A. Higgins, Chairman of the Bull Association Com- 
mittee, was not present, and the report was read by the Secretary 
and adopted by the meeting. 

An interesting discussion followed and a motion was adopted 
that the work of the committee be broadened to include dairy 
sire work in general. 

Mr. E. J. Perry, Chairman of the Calf Club Committee, sub- 
mitted a written report which was read and adopted. The 
recommendations of this committee were as follows: 


1. That high average results per member rather than a large enroll- 
ment should be the goal. 
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2. That membership should first be enlisted from among those 
responsible families most in need of good dairy animals. 

3. That subject matter for use by calf clubs should be prepared 
by the extension specialists in consultation with the dairy 
department. 

4. That a manual or bulletin containing in simple form the funda- 
mentals of management be used, supplemented with seasonal 
circular letters. 

Circular letters may well contain questions to be answered by the 
members from reference bulletins, manuals, etc., the answers 
to be returned to the club leader or specialist. 

5. It is strongly urged that in follow-up work every effort be put 
forth by club leaders and dairy extension workers to secure 
yearly records on all milking heifers. 

6. That the records of milking animals be summarized, first by the 
various states and then nationally. These records while 
privately made should be used in contrast with the United 
States average production per cow tc strengthen the calf 
club work throughout the country. 


Mr. A. B. Baltzer, Chairman of the Cow Testing Association 
Committee, submitted a lengthy and very interesting written 
report. A very interesting discussion followed. A motion was 
carried that the report be adopted and presented to general ses- 
sion of American Dairy Science Association. This report showed 
that the committee had given a great deal of time and thought to 
the task of working out a system for uniform methods of cow 
testing association work throughout the various states. The 
report covered standard rules and regulations for the operation 
of testing associations. It was later presented to the general 
session of the American Dairy Science Association, where it was 
unanimously adopted. 

“Methods of Dairy Extension and Follow-up Work” was the 
subject of a paper by Mr. E. J. Perry. Mr. Perry brought out 
some interesting points in regard to new methods of systematic 
planning of extension work. 

Mr. J. B. Parker gave a report on short-cut methods in cow 
test association work. He emphasized sticking to the regular 
cow-test association plan wherever possible. 
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The following officers were elected: Chairman, A. J. Cramer, 
Wisconsin; Vice-Chairman, C. B. Finley, Iowa; Secretary, C. R. 
Gearhart, Pennsylvania. 

Chairman Morley announced that a new plan was being in- 
troduced this year, whereby the members of the Extension 
Section will be furnished copies of the various papers and com- 
mittee reports. 

Adjournment. 

Nore: Copies of the committee reports and papers have been sent to the mem- 


bers of the Extension Section. Any member failing to receive copies, or desiring 
additional copies, should communicate with Mr. C. R. Gearhart, Secretary, 


State College, Pa. 
C. A. Hurron, 
Secretary. 


ADVANCED REGISTRY SECTION 


Meeting of the Advanced Registry Section of the American 
Dairy Science Association, Monday, October 12, 1925, at the 
Severin Hotel, Indianapolis, Indiana. 

In the absence of Professor G.C. White of Connecticut, the sec- 
tion elected C. E. Wylie of Tennessee to act as Chairman. M. H. 
Campbell of Illinois was appointed as Acting Secretary. C. E. 
Wylie, as Secretary, read a report of the minutes of the last 
meeting at Milwaukee. Mr. Harris of Wisconsin gave the 
following report for the Investigation Committee. 


Conclusions of Investigation Committee 


It would seem that sufficient data has been presented to warrant 
the conclusion that the one-day test, at least under normal conditions, 
is about as reliable as the one for two days. Three independent studies 
show very close agreement in results and larger numbers would evi- 
dently reduce the variation still further. It is therefore pertinent 
to consider what, if any, abnormal conditions might affect the reliability 
of the one-day test to a greater extent than would obtain in a test for a 
longer period. 

Experiments to determine the effects of various feeds indicate that 
such effect is, generally speaking, not immediate and usually not appar- 
ent until the second day. Darnell of Texas is continuing this in- 
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vestigation, preliminary results being in accord with the above. If 
this be true, the shorter period is an advantage. There is room for 
further investigation along this line and also to determine the effect of 
lengthening or shortening the interval between milkings, changing 
method of milking and feeding or not feeding cows while being milked. 

Professor Colman, Oregon, submitted a report entitled “A Study of 
the Estimated Versus the Actual Milk Weights as Reported by the 
Breeders” which is not included in the body of this report only because 
of lack of space. 

Respectfully submitted, 
Roy T. Harris, Chairman, 
Committee on Investigations. 


Mr. Harris’ report was accepted. 

Mr. Musser of the American Guernsey Cattle Club, brought up 
a question requiring the supervisor not to talk during atest. It 
was moved and seconded and passed that this be referred back 
to the Breeds’ Relation Committee. 

Professor Conklin of the Ayrshire Breeders’ Association pre- 
sented the plan of the Ayrshire herd test. He stated that this 
plan was presented to the committee for their suggestions and 
criticisms, in as much as it was the plan of this test to have the 
Advanced Registry Officials in the several states to supervise the 
herd test system. 


Ayrshire Herd Test Plan 


1. The Test shall be available to Ayrshire herds, grade and purebred. 

2. When a herd is entered in the Test every cow which has ever 
freshened or freshens subsequently shall be included without reference 
to period of lactation. 

3. All cows must be identified by tattooing. 

4. Cows shall not be milked more than twice per day, except when 
producing as much as the following quantities: mature cows, 40 pounds, 
four year olds, 35 pounds; three year olds, 30 pounds, and two year olds, 
25 pounds. 

5. The Test shall be for a period of twelve months and breeders are 
urged to enter their herds with the intention of continuing them in the 
Test year after year. 

6. The Test shall be based upon a one day inspection of milk and fat 
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production each month with such additional surprise tests as may be 
deemed necessary for authentication. It is strongly recommended that 
daily milk weights be kept by the owner to indicate the exact milk 
production. Lacking daily records, the month’s credit for milk shall 
be computed from the day’s production. 

7. A maximum of 20 cows may be included in one day’s test when 
none are milked more than twice per day. In no case shall the test 
include more than forty milkings per day. 

8. No minimum qualifying production requirements for herd averages 
shall be set. In calculating herd averages the production of all cows 
which have ever freshened and are owned in the herd eight months or 
more of the year shall be counted. 

9. Supervision and authentication of Herd Tests in the several 
States shall be under the direction of the Agricultural Colleges. Cow 
testing association supervisors may conduct the tests provided the 
requirements of the Ayrshire Breeders’ Association and the supervising 
College are met, it being understood in such an instance that the super- 
visor while engaged in the work of the Herd Test is considered the 
employee and representative of the college and responsible to it. Pay- 
ment for his work shall be made by the College, fees being paid the 
College by the herd owner. Where no cow testing association is avail- 
able supervision may be made by the men employed by the College in 
official and semi-official testing or by such other qualified agencies as 
may be agreed upon by the Ayrshire Breeders’ Association and the 
College. 

10. To enable owners of herds entered in this test to secure the extra 
authentication and publicity of Roll of Honor records on outstanding 
individuals it is provided that semi-official tests may be conducted in 
connection with the Herd Test, provided the requirements of this test 
and of Article III of the By-Laws are met. 

11. A herd test book shall be furnished by the Ayrshire Breeders’ 
Association to each owner whose herd completes a year’s test. This 
shall be arranged to provide a separate page for each cow on which is 
given for each month the production of milk during the day of the test, 
the fat percentage, amount of milk and fat for the month, the value 
of the product, the amount and cost of feed, and the profit or loss. In 
the back there shall be space for a summary of the year’s work of each 
cow tested and for the seal of the Ayrshire Breeders’ Association. 

12. Upon receipt of information that a breeder desires to enter his 
herd in this test the Ayrshire Breeders’ Association shall mail a blank 
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which the applicant shall fill out and forward to the Ayrshire Breeders’ 
Association together with fees to cover the Association’s charge for the 
first month. Provision shall be made on this blank for an application 
for test which shall incorporate a certification that the data submitted 
on the herd is accurate and that the applicant will endeavor to see that 
the test data collected accurately measures the production of the herd. 
The following information shall be given for all cows in the herd which 
have ever freshened, Registry number if recorded, tattoo marks, age, 
date of last calving, service dates, etc. 

Upon acceptance of an application for a herd test the Association shall 
make arrangements for the beginning of the monthly supervisions. 
Monthly records shall be sent to the Ayrshire Breeders’ Association 
and entered there in the herd test book. Carbon copies shall be left 
on the farm. At the end of the year the book shall be summarized by 
the Ayrshire Breeders’ Association and sent to the herd owner as a 
permanent record of his herd’s performance. 

13. Individual herd test certificates. Certificates of individual 
records of meritorious cows in the herd test shall be furnished when 
such cows produce as much as the following quantities of milk and fat 
specified during the 305 days of the test and drop living calves within 
400 days of the previous freshening and such records are accepted by 
the Ayrshire Breeders’ Association: 











MINIMUM REQUIREMENTS 

Milk Fat 

pounds pounds 
INS Jes, ee Se eee Brae S 7,500 300 
Ss duis sys Vackue edb ci vieteenee a 7,000 280 
a, tds cwtigd be 20's Side + od bb aaaele cee 6,600 264 
ED, ado AA casicdi-nueechunds coum ekeun 6,150 246 
Junior Three...... 2 ee a ee eee 5,700 228 
le cntcll dh ake Lalnats doe ye aye sank bec’ 5,250 210 
a al oh darks Sot Wacchtnseees chimes a 4,800 192 











14. Sires with four daughters out of four different dams, qualifying 
for Herd Test Certificates, shall be designated as Herd Test Sires, and 
each assigned a number. 

15. Fees. Charges for tests shall be borne by owner, including 
surprise tests and any special tests for authentication which may be 
deemed necessary by the Ayrshire Breeders’ Association or the Agricul- 
tural College. 
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A fee of twenty cents per month per cow in milk shall be charged by 
the Ayrshire Breeders’ Association for computing the records, publica- 
tion of accepted records, blanks, herd books, etc. This fee shall be 
payable in advance. 


The first part of the committee meeting was devoted entirely 
and at some length to a discussion of this plan of testing. Those 
present thought that the principles of this test were of far reach- 
ing importance to the conduct of Advanced Registry Testing and 
therefore this subject was the most important subject to be con- 
sidered at this meeting. This plan of testing includes the testing 
of all cows in Ayrshire herds both grade and purebred. It pro- 
vides for a one-day test, as many as twenty cows on test in a day, 
one or more cows milked at a time, cow testing association or 
Advanced Registry Testers and authentication of the test reports 
by the colleges. Conklin, Reed and Campbell expressed the idea 
that there was a tendency for this kind of testing to increase. 
Regan, Fitch and Wing thought that this idea was a compromise 
between Advanced Registry Testing and Cow Testing Associa- 
tion Records. Everyone seemed to agree that the rules for 
Advanced Registry Testing should not be materially lowered as 
they were the outgrowth of many years of constant revision. At 
the same time everyone seemed to think that the herd test plan 
was a good thing to encourage. 

It was moved and passed that the Breeds’ Relation Committee 
approve the conducting of the herd test by the Supervisor of 
Advanced Registry of the various states so long as the rules of the 
American Dairy Science Association governing official testing are 
followed. A motion was passed favoring the appointment of one 
man from the Breeds’ Relation Committee to consider with a man 
appointed from the Investigation Committee, the herd test plan. 

Regan of California presented a plan for uniform guarantee for 
payment of Advanced Registry Testing. This report which 
follows was adopted: 
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Report of Sub-Committee on Uniform Guarantee in Payment Testing 
Accounts 


Resolved, That we of the Testing Section of the American Dairy Science 
Association, feeling keenly the need for a more definite and uniform 
practice as regards guarantee of testing accounts by the various cattle 
clubs, do recommend the following as the preferred practice in handling 
such accounts. 

1. That the college concerned render bill to the owner for tests 
conducted as promptly as possible after the work is completed. 

2. If bills rendered for as much as two months work be not paid 
by the time the statement for the third month is ready, such statement 
should be made out listing items in full with dates of service rendered 
and presented to the cattle club concerned. 

3. If such statement covering three months testing is not paid by the 
owner within 15 days following the date of rendering such bill to the 
cattle club the college notify the owner that he is delinquent and that 
testing in his herd is and has been suspended until such time as his 
account shall be paid. 

4. If the delinquent breeder fails to make payment within 15 days 
following the date when he is declared delinquent, the college is to 
render final detailed statement to the cattle club (no further tests being 
conducted in the meantime) and the cattle club to make payment to the 
college within 30 days or as soon as items can be properly verified. 

Be it further resolved that the Chairman of the Breeds’ Relation Com- 
mittee be instructed to transmit these resolutions to the proper official 
of the respective breed associations requesting their adoption by them 
and their incorporation in the breed handbooks and literature on official 
testing. 

R. T. Harris, 
W. M. Reean. 


It was brought to the attention of this committee that a rule 
should be made to prohibit the talking of test supervisors or in 
otherwise interfering with a cow where he is supervising the 
testing. There was also a discussion in regard to a rule govern- 
ing the adulteration of sulfuric acid. No motion was passed 
concerning these two points but it was thought best to properly 
instruct the supervisor on these two subjects. 

A motion was passed that Advanced Registry Section favor 
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either a one-day test with preliminary milking or a two-day test 
with preliminary milking in the conduct of Advanced Registry 
Testing. 
Signed: C. E. Wy iz, Chairman, 

M. H. CAMPBELL, 

J. B. Frreu, 

O. E. REEp, 

J. R. Dice. 


Following the Report of the Breeds’ Relation Committee 
Professor Regan asked for a discussion regarding the Ayrshire 
herd test plan. Professor Conklin of the Ayrshire Breeders’ 
Association presented this plan to the meeting. There was 
considerable discussion on many phases of this plan. It was 
moved, seconded and passed to amend the Breeds’ Relation 
Report as follows: 

That the supervision of a herd test plan follow in a general 
way, the rules as proposed by the Ayrshire herd test plan and 
that differences between this and the Advanced Registry rules be 
adjusted by a sub-committee of the Breeds’ Relation Committee, 
such committee to work with the Ayrshire Breeders’ Association 
and other associations during the year and to come before this 
section with certain recommendations next year. The report 
of the committee as amended was approved unanimously. 

Professor Conklin of the Ayrshire Breeders’ Association pro- 
posed a College Students’ Essay Contest on the Economical Value 
of Production Tests. It was moved and passed that this plan 
be referred to the general session and that a man be appointed to 
represent the American Dairy Science Association on the Contest 
Committee. 

In the absence of W. E. Peterson of Minnesota, Mr. Harris of 
Wisconsin read a paper prepared by Mr. Peterson on “The 
Adulteration of Sulfuric Acid Used in Testing for Advanced 
Registry.” This paper was summarized as follows: 


1. Most fats and oils added to the sulfuric acid will increase the test 
of milk when such acid is used. All such fats and oils float on top of the 
acid and cause it to become very dark and sirupy, but do not affect its 
activity. 
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2. Many fat solvents when added to sulfuric acid will increase the 
test of milk where such acid is used. All float on top of the acid, 
but many do not affect the appearance of the acid nor its activity. 
Duplicate samples of milk where such acid is used will fail to check 
within permissible limits. 

3. Saturated solutions of butterfat in gasoline, benzine and xylol 
will not materially affect the appearance of cold acid and will remain in 
solution with the acid for an hour or more after becoming thoroughly 
mixed. Successive samples of acid drawn will produce identical 
results; all samples checking in duplicate within the permissible limits 
of variation. 

4. The presence of any substance in the sulfuric acid that will increase 
the test of milk when such acid is used in testing can be detected by 
making a “blank” test of the acid. 


Mr. Davidson of Illinois presented a paper on ‘“The Methods of 
Detecting the Leaving of Milk in the Cow’s Udder.” Mr. 
Johnson of Connecticut Agricultural College, gave a report of 
“The Study of the Padding of Milk Weights.” 

On ballot C. E. Wylie was elected Chairman, W. E. Peterson 
Secretary of Section IV, for 1926. 

The meeting adjourned. 

C. Eimer Wrutie, Secretary, 
per M. H. Campbell. 


REPORT OF THE NINTH STUDENTS NATIONAL CONTEST IN JUDGING 
DAIRY PRODUCTS 


Held at Indianapolis, Indiana, October 12, 1925 
The personnel of the official judging committees was as follows: 


For Butter: ' 
O. 8. Hagen, Bureau of Agricultural Economics, U. 8. Depart- 
ment of Agriculture. 
C. L. Pier, Bureau of Agricultural Economics, U. 8. Depart- 
ment of Agriculture. 
For Cheese: 
C. W. Fryhofer, Bureau of Agricultural Economics, U. 8S. 
Department of Agriculture. 
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For Milk: 
R. J. Posson, Bureau of Dairying, U. 8. Department of 
Agriculture. 
C. J. Babcock, Bureau of Dairying, U. 8. Department of 
Agriculture. 


The trophies offered in this contest and the winners of these 
trophies this year are as follows: 


National Dairy Exposition cup for team highest in all products 
Iowa State College. 

J. G. Cherry cup for team highest in butter. South Dakota State 
College. 

Hoard’s Dairyman cup for team highest in cheese. Iowa 
State College. 

J. B. Ford cup for team highest in milk. West Virginia University. 

National Federation of Milk Producers cup to institution having 
highest individual in milk. W. B. 8S. Woodward, Ohio State 
University. 

Gold medal for highest individual in judging all products, given 
by National Dairy Exposition. W. W. Richman, Pennsyl- 
vania State College. 

Silver medal for second highest individual in judging all products, 
given by National Dairy Exposition. Snowden R. Clary, 
Iowa State College. 

Bronze medal for third highest individual in judging all products, 
given by National Dairy Exposition. Walter L. Olson, Iowa 
State College. 

Gold medal for highest individual in butter. American Creamery 
Butter Mfgrs. Association. Walter L. Olson, Iowa State 
College. 

Silver medal for second highest individual in butter. National 
Dairy Exposition. Emery Bartle, South Dakota State 
College. 

Bronze medal for third highest individual in butter. National 
Dairy Exposition. Daniel Jacobsen, South Dakota State 
College. 

Gold medal for highest individual in cheese. National Cheese 
Association. Snowden R. Clary, Iowa State College. 

Silver medal for second highest individual in cheese. National 
Dairy Exposition. Ralph P. Wilson, Iowa State College. 
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Bronze medal for third highest in cheese. National Dairy Exposi- 
tion. W. W. Richman, Pennsylvania State College. 

Gold medal for highest individual in milk. International Milk 
Dealers Association. W. B. S. Woodward, Ohio State Uni- 
versity. 

Silver medal for second highest individual in milk. National 


Dairy Exposition. Geo. N. Gray, Oregon Agricultural 
College. 


Bronze medal for third highest individual in milk. National 
Dairy Exposition. L. L. Lough, West Virginia University. 


REPORT OF THE SEVENTEENTH STUDENTS DAIRY CATTLE JUDGING 
CONTEST INDIANAPOLIS, INDIANA, OCTOBER 10, 1925 


Twenty-four teams were entered in this contest, twenty of 
which are listed in the table showing the standing in all breeds. 


Individuals 
Ayrshires (no prize) 


Name State Score 
ee. 2 eet. ee bac caede renee? Ohio 378 
ni cccc tes cuebvceeucnsavesecseeeeneieal New York 373 
RP Pas, ib cdnins schdbe cddu Cabs enSaawee’ Kentucky 371 
SE ee Pe ee ee Massachusetts 361 
sa reais aia ne ehsoaddaorenmmashaten Ontario 359 
es aio ahead ralaaadeadh Oeuun nents Texas 348 
ER coke otc ncdecacreecss cet hvestaves wee North Dakota 348 
GS. Couek Ak, cawdee ces toes uaa bee bowed Soe - Nebraska 341 
ES ee Tr oe North Dakota 339 
a adh as witurh taal uate emakaparsh ace dae tate Iowa 335 

Individuals 

Guernseys 

aan cats dn nasnke sik an beeira ded uae Iowa 375 
Be ele MES occces sce ght cicenewetindees ke cee nereene Iowa 375 
SEAGER eee ne Cm Oklahoma 375 
rns, iia) > 117 Wi knde odideldirds tkudlem «Shs Illinois 360 
i AIS tre. . on wadateaencedutnuk bos seansauel Minnesota 360 
RE ie Bena as 5 oa ge veg ata ow eles scuba he oaek ae Oklahoma 360 
i Sot Ua ws a web eam anton memes New York 355 
tee oe, ee nae cue re capanantae ean Texas 355 
Se Ea: Meee Via oad sd pews dcdc cdc odes accowa weasel’ Kansas 355 
Se INDE ies co bSAIT IES ey edad chdsI RS, 2 Virginia 350 











Individuals 
Holsteins 

I ons ccnpenshtanndeenSernesuseairuneioy Minnesota 

Holstein-Friesian Scholarship $400 

tlic chine i Ore ateidrvuny waratrality sAciiolaeeiieatahaall S. Dakota 
Sg Soave atau csevewsveeenkeoeowenbeeell New York 
hs 1-5 ake vin tiaw tv brahe Sn eieibiles wt were Iowa 
ee ee ee Oregon 
REESE eer epee eae setts Massachusetts 
hs petus ctaree oerewwnnney5s6-<kiebindhaeehaiee New York 
a I i scrreitasaiaearatccwnnaSe-we-siNlow whaensteS nla Tennessee 
EE OEE Massachusetts 
I Si anda o's Gwinn edukeweusivendenewaterete Illinois 
Individuals 
Jerseys 

AE ES a ee Ee pre ee Wisconsin 

AJCC Scholarship $400 

i re Ss osc s Ria CAN SIT APTA Iowa 
OR I RE a a nT Ohio 
Be IN oo ieidkc cu dan devwdecde sees sueeeenent Iowa 
ee sd ais cad dbs acdccuepdeuatneheneenn Indiana 
ee ee IIE bois oo cecnccdccdeseccevendaweseeaeean Kansas 

Be IGS Sorcninn's nc'va'sin casncsaveesdaudueeee area Illinois 
St I viii. c gus dncksceweruvuceunwe éaneapeiel Michigan 
Ee ons ceaniins vb eyes wink es ee ceneeemeeae Texas 
II i ideiniccnnduninuivenssweenseunemaln Oregon 
Individuals 

All breeds 

SP ee edn cansdecedddsnddlachenndenaséuee S. Dakota 


— 
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Gold Medal—National Dairy Association 
Cane—Dairy Farmer 


Silver Medal—Nationa! Dairy Association 
Cane—Dairy Farmer 


IN tot dieiaeesdcdcnsinesiwsetadeuscces Illinois 
Bronze Medal—National Dairy Association 
Cane—Dairy Farmer 
gE cnc ineeetsseaivernsoueiawnpeene inten Minnesota 
I ats icveccidruinunciewwoucupoudesineeweN aud Kansas 
ees IN Suds 5 inseSi edi ccs iv nite eevuegene Towa 
Pee NS i'w nnid ockbdGuaave pewdaclhewes agelil New York 
EE oo a lsca nisin carwesw anton eaeeininnn 8S. Dakota 
EE he cnk 0s stv atanicdsasveasedsebaes eee Iowa 
Pods oon Ch bth wien inewaverevuuetoeeretel Ohio 


115 


SSRRESERE 3 


8 


375 
375 


SER88RS 


1380 


1365 
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Teams 


Ayrshires 


8 
4 
E 
o 


CORO E EEE EES 


CREE EERE EERE EOE EEE EEE EEE EEE EEE EEE EEE EEE HEED 


COROT EERE HEE OEE EERE EEE EEE HEHEHE EEE HEHEHE EEE 


» on 
° 
Ea 
° 


ieee ee ee eee ee eee eee eee eee eee ee ee ee 
CPR RRR EEE OHHH OEE EEE EEE EERE EEE EEE HEE EERE EEE EEE 


. New York (Cornell) 
. South Dakota 


SLlMNag: 


eee ee eee ee eee eee ee ee eee eee ee eee 


Guernsey trophy—American Guernsey Cattle Club 
Guernsey placque—Ameri¢an Guernsey Cattle Club 
R. C. Ferguson 
D. M. Seath 
Book Ends ;F. J. Arnold 
C. T. Peterson (Alt.) 
Prof. F. Ely (Coach) 
. Oklahoma 


eee eee ee eee eee ee eee ee ee eee ee eee ee eee eee eee 


eee eee eee eee ee ee ee ee ee 


SSNS wL 
2 
® 


_ 


SRR OEE EER EEE EEE EEE EEE EEE EEE EEE HEE EEE EEE 


TORRE ERE EEE EEE EEE EEE EEE EEE EERE EEE EEE EEE EEE 


POR REE EEE EEE EE EEE EEE EEE EERE EEE EEE EEE HEE EEE 


CORR REE EE 


REO EEE ERE EEE EEE EEE EEE EEE EEE EEE EEE EEE EEE HEHEHE EE EE EE 


SRO RRR E EEE 


SEER EERE EEE EERE EEE EEE EEE EEE EERE EEE EEE EEE EE 


SOBN AAP WL 
5 


eee ee eee eee eee eee ee eee eee ee eee eee eee eee ee ee ee eee) 














AMERICAN DAIRY SCIENCE ASSOCIATION 117 


Team 
Jerseys 
BR nasi cca ade wigs wkebhve Success tebasebunwad te aotandiedties 1069 
Jersey trophy 
Ee in coh tu nace wenmshebacudhabedh ce tebathies ubitasammelel 1039 
i ILS iat GUN eisiin'ekb bd.00b ng daedeemes kb ened oaah peadekawtinnn cana 1015 
I cin cs a 60 Wc bis 6 Sle Hn eK Ome aden ekicel 1013 
ES 3 Seo. oss cue Waban ake c 45-245 ees Ce 993 
nck wks 6s Sere soekws ska cc’ rob puke ewkietedl ees edsceewe 992 
ep Ii onesie dn anycabe ts kas des evan rel hes te een cae 989 
EE ee Vain g adh. css wn ss thaves een tedene dace deetekesian etc 983 
INES og odin omaccs sth ees Deagkos bab handed dsednctene ene 976 
SE CRG Rite detkeckendwhbh won kgudcseasy tirkl ose bi den eek oe 974 
Team 
Ali Breeds 
DN Ciils hth 6 Sc Mad bcd hice yp ckwhd nada cad ecekesceenueen Culudiesdink 4016 
Trophy—N. D. A. 
Trophy—Hoards Dairyman 
ee nd nasa cen uuaek soaeatawes when ucuses Old ccinbe wenn 3927 
Wyandotte cup by J. B. Ford Company 
i aa irk aa bibs 45. hae ded nweade denied ieubbetcnkeckeeabowbennel 3841 
ahd ont ulna Xs uence ik cuba so<d be eeebhedks ehadokssele hams 3820 
De NL tucks kobed wcec dude o000ss-eunenbexorkhe waagdriedlseeweneaeraee 3800 
ey NG Vhd0 445 s0-50050ecnvuckeynsnd sd chpaecee eee aan cess as 3754 
ps sucnc Svecowsh atbbnew thin ecuweeddbe Menee amen ett eens 3726 
ds wie wpe kaid indie cre Ae en aed Ree aaeaaaneaalbabaleads 3710 
NE ine icc an digs 06<bis oc od p Raa eR ee beaker halosnl ay eeenaemas 3695 
II, s inashd.6 00s cbirnccs uags obahaeendasden ese kann scabies 3671 
i ich ohh 26 dawns eee a eb ae sank £dd Oaibee anmaaeneuneaae aetna 3662 
as Sh soo be Neen Scesudks pda cbhike eee) dbwerkawasbane ciara 3651 
No is doin 44% baamaad DAMES Ones ese ReAUt Reha dlubbosaee 3596 
NG cial iin oe ians aden ddaaCchacuendh sob audeatoeieeuseddoumaian 3585 
Sika. ; Shi acct nscoessdun ined aed iesntalod bn ba cabins nnee 3581 
chs i wich nda tad ben chum onthe pmiins ake adaee 3569 
i Ss ons vtec cans cdicie 6.0.6 abe h Soul eeu ed dle aeawik 6 oemebreiane 3562 
De IID, i dina dicwcuvaagngs-oésevaeeinabukeyicaieasasdanvaeckuaean 3551 
EERE SS ARE SE Reese See emis Bening pn ve TEE 3529 
Ss IRS “cs bn dale ance Stibin d ke-abwxee nn dakemben ness eRekeeubaen Mae 3514 


NEWLY ELECTED OFFICERS OF THE AMERICAN DAIRY SCIENCE 
ASSOCIATION 


The result of the mail ballot taken in December, 1925, shows the election of 
the following officers of the American Dairy Science Association for 1926. 


President, O. E. Reed..... pesusesvececccesssqen East Lansing, Michigan 
Vice-President, H. F. Judkins.................. Amherst, Massachusetts 
EE BI, PIR sn ose osacushsededsersesenepual Lincoln, Nebraska 
Goay-Trens., G. C. WHS ......-c-ceccccccccesececee Storrs, Connecticut 


Rep. to National Research Council, sees : 
L. A. Rogers, Bureau of Dairying, Washington, D. C. 
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